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New General Electric Atomic Lab to Help 
Cut Cost of Nuclear Power 
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FEATURES: 


a 


Prompt availability 
Complete testing before 
shipment 

Low capital investment — , 
Moximum safety eT 
Portability d : 
Low operate zt 
Location im \ 
buildings ea 
No woste 
Exportable — we 


PPLICATIONS: 


Education 

Training 

Research 

Medical diagnosis 
Industrial process control 
Tracer production 
Radiation instrument testing 


Reactor component testing 


/ES INCLUDE 


GENERAL CHARACTERISTICS, AGN 201 


CORE: homogeneous: fueled with U-235 in polyethylene moderator; quadruply sealed 


CONTROL AND SAFETY RODS: positive 


FLUX AND POWER: normal, 4.5 x 106 n/cm? sec at 100 milliwatts; 
higher flux and power available 


fail-safe" electro-mechanical operation 


CORE LIFE: effectively infinite 
CONSOLE: provides centralized reactor monitoring and operation 
INSTRUMENTATION: complete; similar to largest reactors 
hole, four access ports, plus vertical thermal column 


SHIELDING: completely self-contained 


ACCESS PORTS: glory 


AGN 201 mass-produced nuclear reactors are promptly avail 
able for purchase, lease-purchase, or rental. Complete technical 
and application data furnished on request; write, wire, phone 
or cable now. 


ampere General fpucleonics 





B&W AND ATOMIC ENERGY 
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Used to produce alloys for fuel element fabrication, this 
induction melting furnace has crucible capacity equal to 
100 pounds of steel. Here melt is being carried out in air 
although equipment is designed for melting in vacuum or 


in an atmosphere 


TLD ra ae 


New BaW Nuclear Plant 
in Operation 


to build and test fuel elements and other core components 


With a fabrication section completely equipped to 
produce fuel elements of complex design for nuclear 
reactors, both for power and research, the big new 
B&W atomic products plant at Lynchburg, Va., is 
now in Operation. 


The first work at this plant is to produce a full year’s 
supply of fuel elements for the U. S. Atomic Energy 
Commission's Materials Testing Reactor, and the 
fuel elements for Con Edison's Indian Point Nuclear 
Electric Station, which is being designed and built 
by B&W, Still another job is the fabrication of fuel 
elements for a swimming pool research reactor to 


be built by BAW in Brazil. 


The fuel elements now on the line are of the flat- 
plate type. A variety of present and future elements, 
however—including pin, rod and tube types—will 
be manufactured and tested at Lynchburg. BA&W’s 


4 


Critical Experiment Facility will be used to study 
and test these elements and other reactor core 


components. 


The Lynchburg plant, the first of its kind to be built 
and financed privately, is the latest addition to 
B&W’'s extensive facilities for research, develop- 
ment and manufacturing in the power generation 
equipment field. 

B&W’'s 90 years’ experience in the design, fabrica- 
tion, testing and erection of thousands of steam 
generators of ALL types—plus experience from 
active participation in atomic work from the Man- 
hattan Project to today—forms the basis for B&W’s 


mature approach to nuclear power problems. 


For details in relation to your problem, write 
The Babcock & Wilcox Company, Atomic Energy 
Division, 161 East 42nd Street, New York 17, N. Y. 
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(Top) B&W’s Critical Experiment Facility is an important 
part at Lynchburg. Here tests and experiments with nuclear 
reactor components will be conducted. 


(Top Right) Ingots of basic fuel element materials being 
hot rolled on combination mill. Between passes on mill, 
ingots are heated in electric furnace at left. 


(Right) In this laboratory, fuel element materials are ana- 
lyzed for actual content. Lab technician is working at dis- 
tillation rack 


(Below) B&W’'s completely equipped nuclear fuel element 
fabrication building at Lynchburg is the nation’s first 
privately-financed plant of its type 

















Checking workman with alpha scintillation counter and 
rate meter for radio-activity, part of health physics precau- 
tions taken on leaving fuel element fabrication area. Work 
clothes, kept separate from street clothes, are stored in 
lockers shown. Employees must take showers before dress- 
ing and leaving plant 
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Models of flat-plate nuclear fuel elements of the types 
B&W has made for Con Edison's reactor (rear) and the 
AEC Materials Testing Reactor (foreground) 
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PRECISION FORK UNIT 
TYPE 50 
” Je" Wal t., 4 02. 


cies: 240 to 1000 « 


1” dia. x 3 


ycles 


Type 5 +.02% a 65° to 85°C) 

Type R50 (4 ‘Jo at 1b to 35 C) 
Double triode and 5 pigt 
Input, Tube heate 
Output approx »V 


iil parts required 
"3%" high 
400 - 1000 ey. 


tage and B voltage 


nto 200,000 ohms 


FREQUENCY STANDARD 
TYPE 5OL 
w%" x he” « 5%” High 
Weight, 2 lbs. 
100 « 


Frequencies: 50, 60, 75 o1 ycles 
Accuracies: - 
Type 50L (+.02% at 65° to 85°C) 
Type R50L (+.002% at 15° to 35°C) 
Output, 3V 00,000 ohms 


Input, 150 to 300V, B (6V at .6 


into 


amps. ) 








PRECISION FORK UNIT 


bin 
‘dia, x 4 H.* 


Z0U0 to 


Waht. 8 


1000 cycles 


; ; if 4 0 RD ) 
’ T ype 103 (+.002% at 15° to 35°C) 

"314" high ¥2003 (+.005% at —65° to 85°C) 
400 to 500 ey. 
optional it and outpu eas Type 


( 
( 


| parts required 


1, above 


FREQUENCY STANDARD 


/ \4 ' High 








FREQUENCY STANDARD 


TYPE 3 | 
TRANSISTORIZED 
Size 1 dit 43 H.* Waht. 7 oza. 
Freque é ) 1000 eycles 
Accu ‘ Same M) above 
Type 00 1 type 


Input, 2 
Out} it, if ap, (vo to 
*314” in 20078, 400 to 800 « 


100,000 ohms 


FREQUENCY 
STANDARD 


TYPE 2121A 


5% ri panel 

Weight 5 lbs. 

Output: 115V 

60 cycle ; 10 Watt 
Accuracy 

+.001% from 20° te rc 


Input, 115V (50 to 400 cycles) 








; FREQUENCY STANDARD 
Size a" 2h” " H., Waht. 26 oz. 
» 3000 cycles 


0.000 ohms 
, 63-12-28 
200 V., at 


if Heate! 


voitage 


voltage, 100 to 5 to 10 ma 


FREQUENCY 
STANDARD 

lyre 21tic 

ize with cover 

10° 217" 29" H. 

Panel model 

10° 219" 248%" H. 
Weight, 25 lbs. 

50 to 1000 cycles 
(+.002% at 15° to 35 


115V, 75W. Input: 115V, 


Frequencies 
Accuracy 


Outp it 








ACCESSORY UNITS 


; 


10-200 « y. 


i , ) cy. 
For high freqs, up to 20 KC, 
Powe Amplifier, 2W output. 


Powel 


supply 








This organization makes frequency standards 
within a range of 30 to 30,000 cycles. They are 
. . . . | 
used extensively by aviation, industry, govern. 


ment departments, armed forces—n here maxi- 


mum accuracy and durability are required. 


WHEN REQUESTING INFORMATION 
PLEASE SPECIFY TYPE NUMBER 








American Time Products, Ine. 


580 FIFTH AVENUE, NEW YORK 36, N.Y. 
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This tiny ring is made of Alite AE-212, a sin- 
tered aluminum oxide formulated specifically 
for electronic applications. Because Alite pos 
sesses a unique combination of dielectric and 
physical properties, rings like this perform 
double duty in the construction of “rugged 
ized” electron tubes. Here they are used as 
insulating spacers, as well as forming struc- 
tural elements of the tube envelope itself. 


Alite maintains excellent dielectric charac- 
teristics throughout the entire spectrum, from 
power frequencies into the ultra high fre 
quency range. In addition it has superior 
mechanical strength—a diamond-like hard 
ness that gives it unusually high resistance 


to shock and vibration. Alite retains its phys- 
ical properties at working temperatures well 
above 2000° F. By diamond wheel grinding, 
it can be finished to any required precision 
Alite is vacuum-tight and is capable of being 
metalized and brazed to metal elements 


While these are properties which make Alite 
an ideal material for this particular applica- 
tion, there are other characteristics of Alite 
which indicate suitability for a wide range of 
uses, both mechanical and electrical. If you 
are designing or specifying in the mechanical, 
electronic or nucleonic fields, you'll want to 
be familiar with all the advantages Alite 
offers. For complete data, write for Bulletin 


A-7 today. 


ALITE pivision 


356-£ 
AKRON 9, OHIO 
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Performance of gas turbine blades proves: 


Inconel “X” has outstanding 
stress-rupture life at 1200°F-1500°F 


excellent spring 
ol! ela 
istance to galling and 


ion resistance 


Inconel “X” | 
chromium alloy becoming a 
standard design metal for hig}! ticity ... re 
strength in the 1200°F-1500°1] 
range, Its use in equipment such a 
the was turbine blades shown abo 


at tne 


age-hardenable nicke 


is faust properties ... high modulus 


ibrasion 


Inconel “X"' may be just the metal 
you need for nuclear equipment 


proves its outstanding value 
temperatures, 

The 100-hour stre rupture 
of Inconel “X” alloy at 1500°F 
29,000 pai, 

This exceptional strength at hig! 
temperatures, combined with an ex 
tremely low creep rate and a 
tively low coefficient of expansio 
makes Inconel “X" a 
for structural parts 

Inconel “X" alloy ha 
able characteristics, too 


You may have several places where 

life the properties of Inconel “X” alloy 
suld be advantageous in equipment 

for producing and processing urani 


um fuel or harnessing atomic powe! 
hor about thi 
high-strength, high temperature al 


Inco 


more information 


rela 
oy, Write for 
booklet, “Inconel ‘X’ ” 


a tree cops o! 


i Onag 
superiol alloy ’ plete 


THE INTERNATIONAL NICKEL COMPANY, INC. 
Wall Street New Y } N.Y 


other ‘ 
High ex 64 


Ico, Nickel All 
icke oys 


Ww “7 | 
Inconel X ... for high strength at high temperatures 
8 








Physical Constants 
of Inconel ‘X”’ Alloy 


isity lb/ecu in 0 


ecifie Gra 


M« 
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ific Heat ( 


Available Forms 


ed neet 
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DESIGN 


PROCUREMENT 


CONSTRUCTION 


OPERATION 


“A TrOmMIc 


En zeERGY 
EFACILITITEeE ss 


- for power generation 


7 for research 


THE RALPH M. PARSONS COMPANY 








ENGINEERS + CONSTRUCTORS 
LOS ANGELES 








Solar's skill tames titanium to meet 


tomorrow's production demands 





DESIGNERS OF TOMORROW'S 


and chemical pr t j P : 
missiles, require | f { | . ‘ 
Saas eeoececae sts | SOLAR 
technique Pochiay ' be ~— ‘ 
, heoat AIRCRAFT COMPANY 


major titanium co 
bojet engines and | 
largest users of tita 
inclustry 

Thi Hoc’ fi 
er unple of Solar 
ENGINEERS WANTED. Unlimited oppor- 
tunit in § v's expanding gas turbine 


rience with difhicult-t 
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i! Write today, giving experience 








i historv of achieve t \ t t 1) t ( ' pr 
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FOSTER WHEELER FABRICATES 
ag 


Bending 2 in.’’T-1" steel plate on 8000-ton beam press 


Automatic welding of exterior seam 


PPE FORMING and welding of high- 
| eld-strength “T-1” 

xtensively 
Wheeler and 


have now been successfully 


steel has been 


( investigated by Foster 


a number of pressure 


fabricated of this new material. Opera- 
tion n the manufacture of one of 
these vessels are shown above. 
The &000-ton beam press at Foster 
Wheeler's Mountaintop, Pa., plant was 
d to form the flat “T-L” steel plate, 


thick, into half shells which were 


machined and welded into a full eylin- 
der. Bending techniques were devel. 
oped and conservative limits estab 
lished to control maximum bending 
stresses. The toughness of the steel 
was unaffected by cold bending 


within these established limits. 


After exploring several welding 
processes, the automatic submerged 
melt technique was found most satis- 
factory. meeting the required joint 


efficiency of 100 percent in the stress 


Machining mating surfaces of half shell 


One of nine vessels nearing completion 


relieved condition, 

For end closures, where inside back 
welding could not be used, a procedure 
was developed for 100 percent penetra- 
tion welding without backing strips 

Foster Wheeler's sper ialized experi 
ence and extensive shop facilities are 
available for the heavy fabrication of 
“T-1” steel or other high-yield strength 
steels. For further information, write 
to Foster Wheeler Corporation, 165 
Broadway, New York 6, N.Y. 


FosTER \f] WHEELER 


NEW YORK 
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SHAPE UP... 


for nuclear power 


The efficiency of power production 
from nuclear reactors depends a great 
deal upon the design, composition, and 
construction of the fuel element itsell 
Shape, size, mechanical structure and 
degree of enrichment all play a part in 
the extraction of maximum energy with 


minimum fuel cost 


Finally, the reprocessing of irradiated 
fuel elements has an important bearing 
on the unit cost of nuclear power. Thi 
is a task that requires expert knowledge 


and specialized equipment and, in gen 
eral, is an outside service that will be 


required by reactor operators 


With more than eight years of success 
ful experience in solving advanced tech 
nical problems in atomic energy, Sylvania 
has long been a leading processor of 
reactor fuel elements and assemblies, as 
well as a pioneer in the development of 
fue! elements and reprocessing tech 
niques. Whether your reactor plans are 


immediate or for the future lor power 


or research . .. international or domes- 
tic our scientific and engineering 
staff will gladly discuss your problems 
with you. For your files 
Sylvania’s just-published 
Nuclear Fuels 
SYLVANIA I 
Atomic Ener 
Ba 


write for 


booklet on 


> ania It 
14 Bahnhol 


¥ SYLVANIA 


LIGHTING 
12 


RADIO 


ATOMIC ENERGY DIVISION 


ELECTRONICS 


TELEVISION se 


ATOMIC ENERGY 
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GRADUATE RESIDENCE 
CENTER ESTABLISHED AT 
LOS ALAMOS 


Los Alamos Scientific Laboratory has 
completed arrangements with the 
University of New Mexico for the 
establishment of a Graduate Resi- 
dence Center at Los Alamos. This 
program will provide the opportunity 
for employees and residents to meet 
all of the requirements for the 
master’s degree in the physical 
sciences and engineering (including 
Nuclear Engineering) by attendance 
at evening classes. Some of these 
courses are taught by Laboratory 
personnel outstanding in their fields. 


In addition, there are extensive course 
offerings in the undergraduate and 
technician training fields for those 
wishing to pursue academic training 
related to their jobs or for their own 
development. 


Complete information about career 
opportunities and the academic 
training programs can be had by 
writing, 


Director of Scientific Personnel 
Division 1308 








how to 
reach the 


nuclear 


market? 


THROUGH NUCLEONICS 





Manufacturers reach and sell the nucleonics market through the adver 
tising pages of NUCLEONICS . . . the only authoritative media reach 


ing buyers in atomic power, nue lear engineering and applied radiation. 


$2-billion in 1956 sales and more in °57 in this rapidly growing indus- 
try. NUCLEONICS has grown with that industry since 1947 


when it was just an infant. 


You can get your share of that market with an advertising campaign 
in NUCLEONICS where you talk to the important men . . . the buying 
influences . the more than 14,000 NUCLEONICS subscribers. 


OF COURSE/ 


weEs T 42N 0 STFtRE Ee T 
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CONTROLLING FLUX LEVELS? 


Ne eonthy ‘tailoring’ weeded 


WITH THIS LINEAR SERVO AMPLIFIER 


“Red” when control rod is lowered " 


Rod position indicated by dial \ a 


\ 


“Amber” when control rod is rising. \ 


Bumpless transfer from manual 
to automatic control of reactor 


Sensitivity of the a-c amplifier 
adjustable with this gain control 


Width of proportional band ad 
justable from 0 to 500%, of re- 
corder range. 


Manual control-rod can be regu 

lated with amplifier out of service 
because manual circuitry by 

passes amplifier 


Rate time continuously adjust 


able from 0 to 8 minutes ® You could lift an L&N Series 60 Control Unit from any conven- 

Reset action is adjustable from 0 tional industrial application connect it properly in the linear 

to 100 repeats per minute, giving servo channel of a nuclear reactor control system and without 

the speed demanded by the inte modification or customizing, the Unit would become the LAN Linear 

grating action of the reactor Servo Amplifier identical with the units controlling neutron 
flux in reactors here and abroad 


Reactor control is a routine assignment for this instrument because 
it offers both a wide flexibility of adjustment, and independence of 
control functions standard features in every Series 60 Unit 
The use of components that can take reactor control in stride is 
another inherent economy in the L&N “systems engineering” ap 
proach to nuclear reactor control 

Folder ND4(7a) describes the Amplifier in its P.A.T. discontinu 
ous form; Folder ND4(8) in C.A.T. continuous form. Write for 
either to Leeds & Northrup Co., 4936 Stenton Ave., Phila. 44, Pa 


ingtrument stom . f 


af mit 


Iri, Ad ND4-03-268(1) 
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TSW Vanotslabdahielor-tmilelellomaal—-ic-lmolelaale 


is leakproof 


\ 


.has capacity of 


4000 gpm at 1600° F 


A new “‘canned”’ liquid metal pump developed 
and proved by Westinghouse is ready for 
installation in nuclear power plants and 
chemical process lines. 


Extensive tests under rigid conditions proved 
the hermetically-sealed design capable of cir- 
culating sodium and NaK at capacities of 4000 
gpm at 1600° F. 


Full details about the new pump and all other 
equipment, designed and manufactured by 
Westinghouse for the atomic power industry, 
may be obtained from your Westinghouse sales 
engineer or by writing to the Westinghouse 
Electric Corporation, Atomic Equipment De 
partment, Cheswick, Pennsylvania. J-67007 


WATCH WESTINGHOUSE ! 


COVER THE PRESIDENTIAL CAMPAIGN ON C&S TV AND RADIO! 





A 
SODIUM DEUTERIUM REACTOR 


FOR 


CHUGACH 
ELECTRIC 
ASSOCIATION 


THE USAEC-SUPPORTED DEVELOPMENT OF THE 
SODIUM-COOLED, DEUTERIUM-MODERATED TYPE 
REACTOR ANNOUNCED AUGUST 28, 1956, IS DIRECTED 
TO THE CONSTRUCTION AND OPERATION OF A 10,000 
KW ELECTRIC PROTOTYPE POWER PLANT NEAR 


ANCHORAGE, ALASKA BY 1962. 


JOIN NDA FOR YOUR PART IN THIS CHALLENGING PROJECT. 


NDA —NUCLEAR DEVELOPMENT CORPORATION of AMERICA 
5 NEW STREET, WHITE PLAINS, NEW YORK 
TELEPHONE: WH 8-5800 
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ROUNDUP of Key Developments in Atomic Energy 





Piqua Project 
Approved 


Blueprint 
for JCAE 
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LATE NEWS and Commentary 


The Piqua, Ohio, proposal for a 12.5-Mw organic-moderated power reactor 
became the fourth of seven second-round power reactor demonstration projects 
(NU, Sept. '56, p. Rl) to be approved by AEC. Atomics International (NAA), 
design agent for Piqua, is also building an organic moderated reactor experiment 
for AEC in Idaho, and AEC will extend the contract on the latter to include 
component and fuel-element development work for Piqua. 

= 

A virtually complete calendar for the Joint Committee on Atomic Energy in the 
next session of Congress——coupled with a warning to industry on blind opposition 
to the Gore bill-was spelled out by Rep. Melvin Price (Dem., IIL.) at the Atomic 
Industrial Forum annual meeting last month. Here it is, in his words: 

“It is evident that both the proposed indemnity program and the Government 
reactor acceleration program will be brought up early in the next session. It 
seems to me that these two measures ought to be considered as one package since 
both of them are aimed at accelerating the reactor development program 

“There are certain aspects of both measures, however, that will probably be 
considered differently than in the last Congress. With respect to the indemnity 
measure, we ought to have a better idea as to the nature of possible reactor 
hazards and potential damage . . . (and) as to private rates and extent of cover- 
age. . . . There will undoubtedly be some changed circumstances in connection 
with the proposed reactor acceleration program. It seems to me that this pro- 
gram was not completely understood, particularly by the private groups which 
opposed the Committee measures after they were introduced on the floor of 
Congress. What they apparently failed to realize was that the Joint Committee 
continues to favor maximum private participation in the atomic power program, 
as provided for in the 1954 Act, and that the Committee's chief concern is how 
best to insure rapid progress of the program. I hope that these groups will ree- 
ognize that the bills are not public power measures and that they do not consti- 
tute a threat to the coal industry. Quite the contrary, the proposed bills are 
designed to assist private industry in achieving economic nuclear power more 
rapidly—as a supplement to conventional fuels—through having the Government 
assume a greater portion of the costly developmental work required. . . . 

“In my opinion, several subjects which have not received consideration in the 
last year or two will get serious consideration during the next Congress. First, 
the Atoms for Peace program (and) the statute for the International Agency. 
. . » Secondly, the general problem of radiation hazards (and) primarily the 
fall-out problem. . . . Thirdly, the problem of the role of the States in atomic 
energy development. . . . Fourth, the problem of the shortage of scientific and 
engineering manpower. . . . 

“I anticipate some additional new measures as well as existing proposals will 
be considered in the new Congress. The problem of AEC organization for li- 
censing may be considered in the next Congress, particularly as to the question of 
the requirement of open hearings and a separation of quasi-judicial functions 
from its other statutory duties, The legislation to increase top AEC salaries 
should be considered early in the next Congress. Additional amendments to the 
Community Act will undoubtedly be considered. 

“It seems to me that many actions in the field of atomic power by the priv: 
groups and the majority of the AEC are based on fear, fear of an ide A vats al 
bogeyman of a nationalized atomic power electric industry. . . . Sometimes the 
fear motivation can have amusing consequences. Witness the AEC and the 
President ardently sponsoring a Government atomic peace ship to demonstrate 
to the world the role of atomic power on the sea, while at the same time opposing 
Government atomic demonstration plants on dry land. 

“Unfortunately the results of fears, particularly unfounded ones, usually are 
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81 Around 
The Atom 


bad and sometimes are disastrous for all concerned. Thus, I believe the opposi- 
tion to the bills to accelerate the atomic power program, if effective in the next 
Congress, will produce results which will be nothing less than tragic. If we lose 
our present atomic leadership and world market for atomic plants, the price of 
the defeat of the Joint Committee bill will be indeed high. Similarly if as a 
result of the lag in our private demonstration program we find ourselves in 1960 
needing additional electric power in 1965 and with no proven atomic plants ca- 
pable of supplying this deficiency, we shall have missed a great opportunity to 
supplement diminishing conventional fuels. 

“The inevitable reaction to an opposition based on fear is to examine the moti 


vations and manifestations of this opposition more closely. Hence Congress will 


examine more closely each proposed measure to assist private development in the 


atomic energy field: insurance and indemnity; holding company exemptions; tax 
exemptions; AEC contract subsidies; repurchase of plutonium subsidy; reprocess 
ing charges; anti-trust revisions; etc., etc., etc.! Two questions will be asked in 
connection with this type of examination. Are these genuine aids to a fledgling 
private enterprise? Or are they the means of entrenching monopolies that desire 
to ‘stake out’ the atomic energy field as thei: private domain? Now I haven't 
made up my mind on these questions and I don’t believe a majority of the mem- 
bers of the Committee or the Congress hav In my opinion, we should solve 
these problems by cutting through the ideological mouthings of advertising agen 
cies and getting to the problem of encouraging reactor development. Our na 
tional interest and international prestige requires that we support a policy of 
accelerated reactor development that incorporates both private development and 
government development during this transitional stage. I hope to introduce a 
bill early in the next session which will do this by having as Title I the indemnity 
proposal and Title II the accelerated governmental reactor program.” 
e 

A conference of 81 nations (76 U. N. member: plus Switzerland, Japan, West 
Germany, South Korea and South Vietnam) meeting at U. N. headquarters in 
New York last month began a month-long scrutiny of the draft statute for an In 
ternational Atomic Energy Agency (NU, May ‘56, p. 17). After a diversion of 
an hour and a half on opening day when Russia. India and other Asian coun- 
tries unsuccessfully demanded that the Peiping regime be invited, the confer- 
ence moved into a phase of “general debate,” which is not debate but set 
speeches. Here, as expec ted, India voiced strenuous objections to the control 
provisions in the draft statute, particularly to the proviso that plutonium gener- 
ated in Agency-furnished uranium must be returned to the Agency; declared 
that the Agency would have power to “interfere in the economic life of states 
that come to it for aid,” and that far from aiding the atomic “have-not” countries 
it would penalize them while aiding the “haves.” India’s D1 Bhabha also 
suggested that inspection might be applied to uranium-enriching and plutonium 
separating plants rather than to reactor projects As feared, Russia backed 
India in denouncing the proposed control system. The United States supported 
by Britain and others, warned against whittling away these controls, and pledg d 
that if they were accepted, “thus contributing toward eventual establishment of 
safeguards of universal application, the U. S. can look forward to making the 
Agency the cornerstone of its international activities in the field of atomic en- 
ergy for peace.” Some interpreted this as meaning the U. S would put its en- 
tire bilateral program under Agency auspices Although India’s objections have 
been mainly motivated by national pride which sees inspection of nuclear facil- 
ities as an affront to sovereignty, another reason appeared to be fear that 
returned plutonium might be loaned out to a different country, thus becoming 
unavailable for future projects of the country where it was bred. However it is 
believed that—once again-—it is Soviet policy that will determine whether or not 
the statute is accepted by Oct. 26 when the conference is scheduled to end 
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Electric Utilities Plan 
Reactor Acceleration 


A “task force” for technical appraisal 
f nuclear power development was or 
ganized last month by the private ele« 
tric power industry through the Edison 
El Named to the blue- 
ribbon group, planned since June 

ere James F. Fairman, engineering 
president of Con Edison, who 
will t as chairman; James B. Black 
of Pacific Gas & Electric, Walker L 
Cisler f Detroit Edison, Herbert ] 
Scholz of Southern Services, Philip 
Sporn of American Gas & Electric, and 
William Webster of New England 
Electri Fairman, Black, Cisler and 
Webster are all already building nu 
clear power plants in their systems, 


ctric Institute 
O1 


ind Sporn is participating in Chicago's 
reactor-building combine. First task of 
pal l is to select the independe nt 
wiclear scientists, engineers and re 
rch specialists who will aid it in its 
hnical appraisal 
ary objective of the task force, 
EEI said, is to accelerate nuclear 
(Many regard it 
as the private utilities’ answer to the 
Gore bill It aims to do this by 
studying and evaluating all new rea 
tor types and de signs, and recommend 
ing promising ones for prototype con 
truction. “We will not say to indus 
try, ‘Here's something you ought to 
do,” but “Here's something you ought 
to look at,’ ” Fairman explained. “We 
ire a group to keep industry informed 
of the facts of life in the field.” 
The group will have a_ first-year 
budget of $150,000 from EEI funds to 
ts technical consultants. Find 
of the task force “will be made 
le to all member companies,” 


power de ve lopme nt. 


unnounced to the 
they would be available to 
power groups, EEI preside nt 
S. Kennedy replied, “I don't 
will have any secrets on this.” 
the task force would examine 
ting projects and evaluate their 
aid, “That's out of our field 

be very specific about what 
ing to do is very difficult be 
don't think anyone knows, but 
g to make an effort to have 
mic generating plants get 


question 


n emphasized strongly the 
scientific approach of his 
the subject. “We're not out 

a case, we have no axe to 

’ re going to keep it com- 
ivory-tower—that’s the only 
e got if you're to make ob- 
technical and economic analy- 


There is no place now in the indus 
try where all this stuff is kept together 
ind kept track of,” he went on. “If 

nothing more than that, we will 

ide a contribution.” 

iid it was a “fair guess” that 
lishment of the task force por- 
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Convair's NB-36H, the world's first aircraft to fly with an operating reactor aboard 
{although not propelled by it) is shown in flight in this photo released for NuC.eonics, 
Reactor, located about even with wings, is turned on only when plane is above unpopu- 
lated area, Airscoop to cool reactor can be seen just aft of nearest propeller; dark 
blue nose containing shielded crew compartment differs sharply from conventional B-36; 


tail carries orange radiation symbol 


tended increased expenditure by pri 
vate utilities in the nuclear field - 
repeated that “we have no power nor 
desire to tell anyone to do anything; 
what industry does with the informa 
tion we will disseminate is their own 
business We will probably dissem- 
inate it in the regular way as are other 
EEI reports, but that’s not up to us 
we will just turn the information over 
to EEI.” Asked if the group's work 
would parallel the AEC demonstration 
wogram, Fairman said he “planned to 
. very heavily on the work the 
Commission and the national labora 
tories are doing 

Meanwhile, Nuct.wonics learned that 
a third round in the AE¢ power dem 
onstration reactor program can be ex 
ected soon Emphasis this time will 
c on natural uranium — he avy water 
reactors, presumably because of the 
fore ign appe al of such systems, 

Some AEC staff circles have been 
bothered by the discrepancy between 
the subsidy nature of the demonstra- 
tion program and the “no subsidy” 
provision of the law, and are suggest 
ing that perhaps the program should 
be made frankly a subsidy, and the law 
amended if necessary One scheme 
the staff is toving with is the so-called 
5 4 3 2 1/15 plan whe reby industry 
would have its operating costs par- 
tially subsidized for 15 years 5 
mills/kwh the first 3 years, 4 mills the 
second 3 year 3} mills the next 3 
years, then 2 mills, and finally 1 mill 
the last 3 of the 15 years. This would 
be the equivalent of supporting the 
building of a plant to the extent of 
$225/kw at a 58% load factor. At this 
rate, $300-million would result in 
2-million kw of capacity 


Gale Asks Subsidy 
Meanwhile at the Forum, Willis 


Gale, head of Chicago's Common 


wealth Edison, urged that Congress 
convert the demonstration program 
into an outright cash subsidy program 
to help utilities, both private and pe 
lic, to cooperate in the building of ad 
ditional power reactors 

“There is a way to do so and, at the 
same time, avoid the question of public 
vs. private power or the question of 
putting the Federal government deeper 
into the power business,” he said 
“Also it would greatly reduce the re 
quired amount of Federal funds and 
encourage a maximum of participation 
by existing utilities, both private and 
public. 

“Congress should declare as a mat 
ter of polic y that the demonstration 
program should be expanded, it should 
spec ify the extent of the « xpansion and 
appropriate the necessary funds, At 
one time questions were raised as to 
whether the 1954 Act authorized the 
making of outright cash contributions 
toward the cost of a demonstration re- 
actor. If any doubt remains, Congress 
should remove it. Congress should 
also establish the general principle on 
which these cash contributions would 
be based, Any utility, public or pri 
vate, building a demonstration reactor 
ought to be willing to put into the 
project an amount justified 
of its own conventional power costs 
Note that I do not say that the utility 
should pay the same number of dol 
lars per kilowatt as the cost of conven 
tional generating facilities because op 
erating and fuel costs are likely to f 
different ; 

“The utility should pay an amount 
on the basis of which the power costs 


i 
oper iting ex 


on the basis 


‘ 


including fixed charges 
penses and fuel cost would be the 
same as the cost of power produced by 
conventional — facilitic lhis would 
mean that a utility in a high-cost fuel 
area should be able to pay more per 
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The Reactor License 


Situation at AEC 





Critical Facilitie: 


Licenses granted 


Construction Permits granted 
Babcock & Wilcox, Lynchburg, 12/0/55 
Battelle Memorial Institute, 12/28/55 
N. D. A., Pawling, N. Y., 6/11/56 
General Flectric, Vallecitos, 6/29/56 


Applications received 


Weatinghouse, Yukon, Pa., 3/12/56 
Lockheed, Van Nuys, Calif., 6/20/56 


Research and Test Reactors 


North Carolina State, 10/1/55 
Penn State, 7/8/55 


Armour Research Institute, 6/12/56 


Battelle Memorial Institute, 8/16/56 


Naval Research Laboratory, 9/14/56 


University of Michigan, 2/17/55 

M. I. T., 5/7/56 

Aerojet-General Nucleonics, for a 
prototype portable “AGN-201,” 
8/16/56 


U, C. L. A., Los Angeles, 6/2/55 
AMF Atomics, Plainsboro, N. 
Ford Motor Co., Detroit,* 1/17/56 
Dow Chemical Co., Midland, Mich., 
Prosperity Co., Syracuse, N. Y. (for 


J., 1/12 


Power Reactors 


Con Edison, N. Y., 5/4/56 
Commonwealth Edison, 
Chicago, 5/4/56 
GE Vallecitos, Calif., 5/14/56 
P. R. D. C., Detroit, 8/3/56 


Yankee Atomic Electric, 


6 Rowe, Mass., 7/9/56 


$1 


Univ. Miami, Coral Gables, Fla.), 3/6/5 


Weatinghouse (WTR), Yukon, Pa., 3 
Washington State College, Pullman, 6, 


NACA, Sandusky, Ohio, 8/20/56 
AMF Atomics, for export 

to Munich, Germany, 8/16/56 
Atomics International, for 

export to Tokyo, Japan, 8/31/56 
Aerojet-General Nucleonics, for 

three more “AGN-201"'s, 9/13/56 
AMF Atomics, for export to 


9 
“~ 
99 /F 
aes 


Amsterdam, the Netherlands, 9/27/56 


*Swimming pool reactor for public demonstrations on nuclear energy. 





kw than a utility in a low-cost fuel 
area. The contribution by the AEC 
would be the difference between the 
utility's investment and the total cost 
of the plant. The policy should be 
continued on a basis designed to min 
imixe the public vs 
troversy: ponte that the number of 
government dollars spent for each be 
roughly proportional to the present 
amount of public power as 

with the present amount of private 
power, 

“The amount spent by the govern 
ment would be truly a and 
devolopment cost-—an amount spent to 
achieve competitive nuclear power 
which is in the interest of A the 
people,” 

Gale also made these points 

e “The private utility 
ought to take aggressive steps to par 
ticipate to the greatest practicable ex 
tent in the building of additional r 
actors.” 

@ “It is not of overwhelming signifi 
cance that another country more 
nuclear capacity than the U.S. What 
is important is that we stay in the lead 
in technological cde velopment from the 

nint of view of power! 

ith the different projects now under 
way and contemplated in this country, 
we definitely will have the more ad 
vanced technology. . It is know 
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private power con 


ompare d 


resear;r( h 


industry 


has 


compe titive 


how we need, not kilowatts.” 

@ Failure of Congress to pass the in 
demnity bill was “a bitter disappoint- 
ment to those of us who had worked 
so hard to secure favorable action. 
Since last January, we and our associ 
ates have been paying General Elec 
tric $750,000 a month on our $45-mil 
lion contract, These payments, which 
will total $9-million by the end of this 
year, will continue until the $45-mil 
lion is paid, It does not seem fair to 
expect us and GE to proceed much 
further with the indemnity matter un 
determined. Nevertheless, we are 
going ahead with our project without 
a single day’s delay. We are confident 
that Congress will solve the problem 
we hope early in 1957.” 


U. S. Starts Building 
First Merchant A-Ship 


Construction will begin at once on 
the first U. N. nuclear propelled ship, a 
combination passenger-cargo vessel, 
Louis S, Rothschild, Under-secretary of 
Commerce, announced late last month 
The 21-knot ship will be 12,000 gross 
tons, carry 100 passengers, have a 
cargo capacity of 12,000 tons, and is 
8 heduled to 4 in operation before the 
end of 1959. Her powerplant will be 
“the most advanced type of pressurized 


This chart shows all licenses and 
construction permits granted and all 
applications received at AEC as of 
Oct. 2. 

Most recent items are a license 
issued to the Naval Research Lab- 
oratory in Washington, D. C., for its 
pool-type research reactor, an appli- 
cation from Aerojet General-Nucle- 
onics for construction permits for 
three additional portable AGN-201 
research reactors, and AMF’s pool 
for Holland. 

Beginning next month, NUCLEONICS 
will list all activity in this field each 
month. 
water Rothschild said Au- 
thorized by Congress at the end of the 
last session (NU, Aug. '56, op. Rl, 9), 
he will cost $40-million, which the 
Maritime Administration will spend 
$18-million for the hull and AEC $22- 
nillion for the nuclear — plant. 
She is not expected to 
There is no word yet as to the sea-lane 
she will serve. Meanwhile AEC signed 
contracts with Babcock & Wilcox for 
evaluation of a pressurized water re- 
actor pro yulsion system for a merchant 
ship, oa Ford Instrument Co 
division of Sperry Rand Corp. for a 
feasibility study on a 38,000-ton, 707 
foot tanker propelled by a 

gas-cooled reactor, 
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Eleven offer to build FIR 


AEC announced receipt of 11 bids to build the Food Irradiation Reactor for 
Army Quartermaster Corps’ Ionizing Radiation Center, in response to a re- 
tation (NU, Aug. ‘56, p. R9). Site has not yet been selected by the 
The reactor for the Quartermaster food preservation research program 
i solid-fuel element, water-moderated type; Internuclear Corp, of 
Mo., is preparing a preliminary design. Bidders were ACF Indus 
AMF Atomics, Atomics International (NAA), Bell Aircraft Corp., Blaw 
Burns & Roe, Ebasco Engineering Co., H. K, Ferguson Co,, Goodyear 

I « Rubber, Kaiser Engineers, and Rust Engineering Co. of Pittsburgh 


AMF to build industrial research, Dutch reactors 


AMF’s long-cherished plan for a reactor-equipped industrial research lab in 
the New York area, to be built and operated by a syndicate of private firms, 
f ume to fruition last month with announcement of the incorporation of 
Industrial Reactor Laboratories by a ten-company combine rhe project had 
t been announced in August 1955 by eight companies, one of which had 

lropped out and three new ones added The ten are AMF, American 

o, Atlas Powder, Continental Can, Corning Glass, National Distillers, 
| Lead, RCA, Socony Mobil Oil and U. S. Rubber AMF Atomics will 
$1.5-million, 5-Mw swimming pool on a 300-acre site at Plainsboro, 
mi NE of Princeton. It is scheduled for completion in December 
Each member company will have private space for its own projects in 

1.000 ft? of laboratory space adjacent to the reactor The work will 

radiation effects on materials of interest to the ten companies will not 

» THe le if power! probl mis 


Heard and overheard at the Forum 


Westinghouse has built two new wings on its Cheswick nuclear plant com 
factory, is planning still another. The company also intends to build 
her research reactor, in addition to its WTR, for its own use near its new 
h center east of Pittsburgh in Churchill borough. This heavy water 
will run on 4 lb of uranium, will be reserved for company work unlike 
tinghouse Test Reactor in which time will be sold AEC will ask 
1958 nuclear education budget ten times the current appropriation 
n instead of $3.4 million . Oak Ridge has been investigating 
of fused-salt reactor systems, and director Alvin M. Weinberg is 
d as saying they are looking better . . AMF Atomics sold a 10-kw 
tration swimming pool much like last year's if S. Ceneva conference 
to the Netherlands for display at the international exhibition “Het 
The Atom) in Amsterdam next Jun After the exhibit it will serve 
earch tool Niobium is coming into demand as a reactor material 


1 Judkins of Firth Sterling forecast increases in the limited supply to 
lb in 1957, 40,000 in 1958 and eee 75,000 by 1959. En 
rable melting point and low neutron a 
ins corrosion resistance in a 10% Nb-90% U alloy 
1 concentration than is the case with zirconium alloys, where almost 


owed 
sOrption cross section, niobium 
This permits higher 


the alloy must be Zr or corrosion-resistance begins to be lost rhe 
Nuclear Standards Board has held its organization meeting and established 
projects: general and administrative standards for nuclear energy, nuclear 

nents, electrical requirements for reactors, chemical engineering in the 


lear field, reactor hazards, and radiation protection. 


Canada breaks ground for first power reactor 


On Sept mber 19 the first sod was turned at Des Joachims, Ont upstream 
Chalk River, for NPD, Canada’s Nuclear Power Demonstration reactor 
28 Construction on the heavy-water-moderated and -cooled. mainly 
ranium fueled reactor is to start early this month; fabrication of hard 

already under way. 

British program expanding 

\ ijor expansion of the U. N. nuclear power program is to be undertaken 
I il developments will enable the 12 projected stations to produce three 
much electricity as was originally thought possibl 
t capacity is now expec ted to exceed 6,000 Mw f 1965, and may be as 
one-third the total British capacity by then. The rating of the first 
roved Calder Hall types to be completed by 1960 will be increased to 
50-300 Mw, and that of the later Calder Hall type stations entering service 
1962 to 300-400 Mw. The Stage II reactors for 1968-4 may be upgraded 
to 500 Mw. And a recent study shows the British nuclear construction indus 
try has the capacity to build between 8 and 12 additional nuclear stations 
r and above the 12 outlined in the White Paper program Meanwhile an 
report from Britain announces startup at Harwell of Dido, the en 
1-U materials testing reactor, and of Lido, the first British swimming-pool 
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Brazil's 18 Point Atomic 
Policy Memo Detailed 


Background information clarifying 
what took place when Brazil canceled 
her thorium-for-wheat deal with the 
U. S. on Aug. 31 (NU, Sept. ‘56, p. 
R2) has been rounded up by Nucus 
onics from Rio de Janeiro and else 
where 

It appears that the 18-point decree 
spelling out a new atomic policy for 
Brazil was signed by President Juscelino 
Kubitschek in an effort to get off a 
political griddle fired up by a leading 
morning paper, Correio da Manhda 
The president had been under direct 
attack for alleged political favors given 
to an atomic prospecting company, 
Prospec, run by Celso Rocha Miranda, 
a si friend of Kubitschek (An 
other Prospec official, Deputy Renato 
Archer, had been attacking the U. S. in 
the House of Deputies as “interfering 
in Brazil's atomic energy business.” ) 
In an effort to get out of the line of 
fire, the president womulgated the 
“hastily-written, dante researched” de- 
cree. Thus the principal motive of the 

| political hassle rather 
than a sudden wave of anti-American 


move was a loca 


ism in the government—although re 
liable reports to Nuciewonics from 
Rio indicate that the night the decree 
was gotte n up by the National Security 
Council, Foreign Minister Macedo 
Soares was in Sio Paolo and only anti 
Americans and persons unfamiliar with 
diplomacy were present The decree 
was given to the press without prior 
consultation with the Foreign Office, 
the U. S. Embassy or Brazil's Ambas 
sador Amaral Peixoto in Washington 

The decree’s 18 points are as follows 

The government is charged with 

1. Creating a National Nuclear En 

ergy Commission directly subordinate 
to the president of the republic ( This 
is stinties to the USAEC.) 

2. Creating a National Nuclear En 
ergy Fund 

3. Establishing a program to deter 
mine urgently the minerals available 
for production of nuclear energy 
(Brazil has had no coordinated plan of 


estimating her atomic reserv t 
worth, and whether they can be sold 
or used locally 

4. Drawing up an intensive pro 
gram for training of scientists and ex 
perts in the various fields of nuclear 
energy 

5. Supporting national industry in 
prospecting for, mining and processing 
minerals for production of nue le ar en 
ergy. (Critics say this leaves a door 
open to Prospec, ) 

6. Exercising government control 
over trade, warehousing and sale (in 
cluding export ) of materials for nuclear 
power ( This would seem to contra 
dict 5.) 

7. Setting up an agency to set 
prices on radioactive ores and a pur 
chasing department to handle local 
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mining production, (Until now no one 
wanted to mine radioactive ore becaus« 
they could neither sell nor export it.) 

8, Suspending all exports of ura 
nium and thorium, their mineral com 
pounds and other materials to be indi 
cated by the N.N.E.C. pending a fur 
ther decision of the National Security 
Council. (Companies dealing in non 
atomic minerals are worried about this 
sweeping clause: any hint of radio 
activity in iron ore, for example, could 
cut off its exportation. ) 


foreign governments looking to the ex 
port of such materials—at the highest 
degree of refinement possible, and then 
only for getting specific compensation 
in equipment and technology for th 
purpose of developing industrial nu 
clear power in Brazil. 

10, Resorting internationally, in Bra 
zil’s nuclear energy program, to the 
scientific and technological experience 
of all friendly nations, guided only by 
what is most convenient to Brazil. 
(This, Rio observers say, means only 
hands off our sovereignty,” an out 


in that agreement whereby Brazil could 
pay for some of the wheat with thorium 
because of a shortage of dollars. Some 
Brazilians feel the U. S. is anxious to 
get the thorium and is che ating them; 
uctually, the U. S. has domestic tho- 
rium, made this provision to try to 2 j 
Brazil. Communists and ultranationa 
ists have been playing this up as a 
shady deal the 1 S. put over on 
Brazil. ) 

12. Canceling the exportation of 300 
tons of thorium oxide covered by the 
1956 contract F 


also a wheat deal. 


9. Seeing to it that only after being 
assured of the existence in Brazil of 
substantial atomic mineral deposits ism.” ) 
after establishment of stockpiles of 11. Fulfilling 
such processed minerals sufficient to in T 
sure Brazil's progress in this field, and 
after a sien by the National Security 
Council, will there be negotiations with 


Forum Report 


The 1,132 who attended the Atomic Industrial 
Forum’s third annual meeting at Chicago last month 
(including 123 visitors from abroad) faced up to 
some hard, unpleasant economic facts. They were, 
however—such was the impression undaunted. 

A new mood was clearly evident at these sessions 

a mood of sobriety, of rolling up sleeves for the 
difficult part of the job that now lies ahead. It was 
a mood in sharp contrast to the unbounded, some- 
times unfounded, enthusiasm evidenced at last year's 
annual Forum gathering in Washington and earlier 
meetings in New York, and it manifested itself most 
clearly in the featured panel sessions on economics 
of power reactor systems and elements of nuclear 
power costs, 

“The results of all economic studies made to date 
are extremely sensitive to the particular assumptions 
made to fill the gaps left by missing facts,” com- 
mented U. M. Staebler, chief of AEC’s civilian 
power reactors branch; “no one really knows what 
nuclear power will cost in the plants being built 
today. Today's progress must be largely a reflection 
of faith.” The special or exotic materials required 
are still expensive. 
have to be brought down considerably by simpler 


Fuel element fabrication costs 


design and adaptation to mass production, and 
higher-performance elements remain to be devel- 
oped, Reprocessing is still a question mark, as 
commercial enterprise in this field—to say nothing 
of competitive commercial ent rprise—-is still three 
to eight years away, according to Union Carbide 
Nuclear Co.'s manager of chemical processing, 
George Jenkins. 
required with today’s state of the art adds 9% to 
plant cost and 20% to operating cost Wilbur Kelley, 
president of Walter Kidde Nuclear Laboratories 
calculates. 


Present cost of the safety margins 


But by no means was the mood one of disenchant- 
ment. “A touch of realism,” observed Con Edison's 
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burst of what is being called “Nasser- 


whereby Brazil purchases 100,000 tons 
of U. S, wheat, adopting the payment for atomic ores and to arrange pur- 
in dollars permitted under clause six. | 
(The U. S. had included a provision 


13. Invoking the six-months’-prior 
notice clause to end the agreement 
signed last year whereby the U. S. was 
to help Brazil develop her exploration 


1954 agreement 


chases of ores. (The joint program is 


abrogated to permit the government 


James Fairman, “and a good thing.” William Loeb 
of NDA drew two curves on a blackboard for his 
panel audience, representing enthusiasm plotted 
against time. One, rising slowly at first, then sud- 
denly very steeply, to level off near the top, showed 
the rational development that one would expect. 
The other, which he said is the way things actually 
work out, started its parallel steep climb earlier. then 
went into a sharp nose-dive, only to turn upward 


again and eventually rejoin the leveled-off first curve. 


We are now somewhere on the downswing, he said, 
and only time will tell if we have reached its bot- 
tom. The way another speaker put it: the men are 
now starting to be separated from the boys. 

At the same time, the conference was enjoined to 
keep one eye on the long view. Vitro’s Carlton 
Ward recalled that Thomas Edison's historic Pearl 
St. station burned 100 lbs of coal to produce 1 kwh, 
that it took 75 years of engineering development to 
reduce that ratio to % lb per kwh, and that it is un- 
realistic, if not presumptuous, to expect to achieve a 
similar evolution in the very first round of nuclear 
plants built. 


. . 


The second most significant trend observable was 


easily the progress being made abroad. In corridor 
and table talk constant references were heard to 
reactor sales overseas just made by U. S. firms, or in 
process of negotiation. And on the formal program, 
representatives of France, West Germany, Nether- 
lands, Switzerland, Sweden, and Japan reported on 
their countries’ activities: for the first time, most of 
the talk was on what was being done—not what was 
planned, desired, or hoped for. 

Similarly, the chairman of a panel session on radi- 
ation utilization—including sterilization, food preser- 
vation, chemical and other industrial applications 
remarked at the meeting’s end, “At last people talked 
ibout what they've done, not just about what they'd 


like to do.” 
October, 1956 - NUCLEONICS 





to negotiate other agreements which 
tter meet the nuclear power policy.” ) 
14. Establishing for the future a pol- 
icy of short-term obligations under 
which the government can negotiate 
with all friendly countries, ( This is 
interpreted as a fear of being tied down 
to anything not understood. The Bra- 
zilian nationalists fear any long-term 
atomic deals with the U. S. because 
they might be tied down for a bad deal 
they did not originally comprehend. ) 

15. Bringing existing legislation re- 
lated to all aspects of the nuclear 
power field up to date, so as to adapt 
it to the national nuclear power policy 
now to be established. (The U. S. is 
keenly interested in what this new 
olicy will look like when it actually 
vecomes law, and how much of the 
present emotionalism and ultranational- 
ism will be combed out to make the 
law practical. ) 

16. Seeing that a clause is always in- 
cluded in any future international agree- 
nent in the field of nuclear power pro- 
viding that the agreement becomes 
valid only when approved by the 
Brazilian Congress. (This is the joker 
in the deck, the proviso that most seri 
ously affects U. S. atomic relations with 
Brazil The Brazilian Congress raises 
itself up with debates and maneuver- 
ings before any such legislation into 
what has been described as “a Chinese 
Wall.” Subject now to congressional 
i} ] ro" ] will be the pres¢ nt fuel pro 
gram for the VU. S. “gift” research 
reactor, radioisotope supplies for medi- 
cal use, and the American & Foreign 
Power Co proposal to install a 10 Mw 
nuclear power station. ) 

17. Adopting the principle that the 
national nuclear power policy cannot 
be modified without approval of the 
National Sec urity Coun it 

18. Creating budgetary recommenda- 
tions for purchase of materials utilized 


q 


ys 


Australia’s First Reactor Rising 
Base for Australia’s Dido-type tank research reactor is shown in right foreground, with 
lab building behind it and a cooling tower under construction in right distance. High-flux 


heavy-water reactor is being built in Britain. 





in the field of nuclear power until the 
Nuclear Power Fund is established, 

Most of these points are innocuous, 
many are sensible, except those that 
break treaties, those that slam the U. S. 
by inference, and the one requiring 
congressional ratification of any inter- 
national agreement in the nuclear field, 
What is of greatest concern to the U. S., 
is the propaganda that anti-U, §, ele- 
ments we been able to make out of 
this. What hurts is not the broken 
treaties, the dismissed U. S. scientists 
or the banned thorium exports—it is 
the fact the ultranationalists and com- 
munists are making it appear that all 
this has come about because the U. S. 
has been swindling Brazil. What is 
worse, at least three known communists 
are now slated for posts on the new 
Nuclear Energy Commission. They 
are: Mario Shemberg, scientist and 
former communist deputy before the 
party was banned; Damy Souza Santos, 
Sio Paulo University professor, head of 
the nuclear physics institute there 
which is to get the half-U, S.-paid 
research reactor, who inspired a bill 
now before Congress for establishment 
of “Atombras” (a government company 
like Petrobras, the government oil mo 
nopoly, Atombras would handle all 
Brazilian atomic exploration, sales, and 
use of nuclear resources to the exclu 
sion of any foreign company); and 
Dagoberto Salles, a deputy who has 
been spokesman in Congress for Shem 
berg and Souza. 

However, since the move was made, 
Brazilian officials have been seeking to 
mollify the impression that has gotten 
abroad about its nature. Ambassador 
Amaral Peixoto called a Washington 
press conference to declare that the 
decisions derive d from a need to re- 
adapt nuclear policy to new conditions 
inherent in technical 
“They do not mean a change of direc- 


de velopment, 


Nuclear research center at Lucas Heights 


near Sydney form part of Austrolio’s $12.3-million development program (See p. R8) 
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tion in relation to the broadest possi 
ble cooperation between Brazil and 
other friendly nations, At the present 
juncture . . . any attitude of interna 
tional isolation in this field would be 
inadmissible on the part of nations 
really determined to utilize the mag 
nificent possibilities of nuclear energy 
for the common welfare. Specifically, 
in the atomic field, and bearing in 
mind our superior national interests, 
the Brazilian government is  deter- 
mined to strengthen and broaden the 
cooperation between Brazil and the 
U. S. to the greatest possible extent 
Fully in effect is the agreement signed 
between the two countries in August, 
1955, for cooperation in peaceful uses 
of atomic energy ... Our two gov 
ernments are also negotiating the bases 
of new arrangements which will offer 
to Brazil the possibility of acquiring, 
equally under very satisfactory condi 
tions, the nuclear fuel required to op 
erate our first atomic plants for power 
production, The Brazilian govern 
ment has in mind to review the bases 
of the joint American-Brazilian pro 
gram for prospecting for atomic mate 
rials in Brazil in rm 4 to speed up the 
tempo of work already being under 
taken, . . . following along the lines 
that have always guided in the past 
the scientific and technical cooperation 
between American and Brazilian ge 
ologists e 

Finance Minister José Maria Alkmin 
added that “it is utterly false to ad 
vance that we have embarked on a 
policy of ultranationalism tantamount 
to xenophobia. We stand now, as we 
stood in the past, for international co 
operation . The decisions of the 
Brazilian government have been some- 
what misinterpreted... ” 

President Kubitschek himself de 
clared in Rio that Brazil had no in 
tention of breaking the cordial rela 
tions and cooperation with other gov 
ernments, especially the U, S., and that 
more than ever before Brazil needed 
the help and cooperation of the U, S$ 
in atomic matters. 

Similar declarations were made in 
the U. N. before the International 
Agenc conference 

High Brazilian officials gave Nucie- 
onics this explanation of the whole af 
fair: The 18-point decree was an ef 
fort by the Government to take atomic 
energy out of the hands of the Oppo 
sition, which had been trying to 
achieve its nationalistic ends through 
its Atombras project. That the effort 
was rece: H is shown, the officials 
contend, by the fact that the Atombras 
bill has been “superseded” by the new 
policy and even Dagoberto Salles who 
introduced the diemtiees bill has given 
up hope for its passage. The Govern 
ment also wished to review the can- 
celed agreements, which had been 
made under the 1946 (McMahon) 
Atomic Energy Act, but had no inten 
tion of rupturing the principles on 
which they were based 
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World News 


Improved Zr Process in Japan. A new method for pro- 
ducing zirconium has been discovered by the Nagoya 
National Industrial and Technological Research Institute. 
Ductile Zr crystals are produced by electrolysis of zir- 
conium chloride. Zr of 99.3% purity is obtained, 0.2% 
purer than the ordinary product. Plans are to be drawn 
up for commercial production using the new process. 


Nuclear Center for Uzbekistan. A new nuclear center 
has been set up in Tashkent, capital of the Uzbek 
S. S. R., Moscow reports, in view of the successful work 
done for years by Uzbek scientists at the physics in- 
stitutes of Tashkent and Samarkand, principally in animal 
husbandry research and use of tracers in plant breeding. 
The new institute wil! stress chemistry of more effective 
mineral fertilizers and hydrology of safeguarding cotton 
fields against saline groundwater 


200 Mw for Hungary. ‘The power reactor Hungary will 
start next year with Soviet help (NU, Sept. 56, p. R11) 
will produce “up to 200 Mw,” Premier Hegediis says. 
Hungary is rich in uranium, he declared, with reserves 
“sufficient to cover requirements over the next decades.” 
Backward Glance at Shinkolobwe. Visitors were ad 
mitted for the first time to the world’s richest U mine at 
Shinkolobwe, just north of the Northern Rhodesian 
border in Belgian Congo, as part of the 50th anniversary 
celebrations of its owner, Union Miniére. At the mine, 
Major R. R. Sharp, 75-year-old Rhodesian farmer, was 
“siege with a part of the historic sample he sent 
rom the bush 41 years ago in 1915 when, looking for 
copper, he found the world’s first major uranium deposit. 


Interest in Finland. Erkki Aalto, chairman of the 
Atomic Power Co, of Finland, says he hopes to see his 
country’s first nuclear station in operation in the early 
1960's (NU, Aug. ‘56, p. R10). 
preliminary inquiries to U. 8, and British firms, and is 
expecting visits from “several experts from overseas to 
discuss details.” The inquiries stressed Finland’s in 
terest is primarily in steam generating plants for the pulp 
industry, and only secondly in electric power generation. 


rhe company has sent 


Expansion at Harwell School. Starting its 14-week 
course for the seventh time this month, the Harwell 
Reactor School is inaugurating a new, larger building 
accommodating more students; 55 are taking the fall 
course—20 overseas students from 13 countries, 20 from 
British firms and universities, and 15 AEA staff members. 
For the first time since the School opened in September 
1954, a six-week course is also being given, consisting 
of the first six weeks of the standard course. The 
abridged course is intended mainly for university lec 
turers and staff of firms working on auxiliary aspects of 
the British nuclear power program; the canta course 

which gives graduate engineers and physicists a good 
general background in reactor technology—is intended 
for the larger firms implementing the nuclear power 
program and for foreign students. 


Russian Sees Atomic Locomotive. “Railroad locomotives 
can be powered by atomic fuel,” declared A. M. 
Khachaturov, director of the USSR Institute of Complex 
Transport Problems and member of the Soviet Academy 
of Science. “Such a unit would weigh about 300 
metric tons, or double the weight of a modern conven- 
tional unit, and would be about 164 ft long. It is pre- 
sumed the reactor would work on a solution of uranium 
salt and water. A steam or gas turbine of about 8,000 
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hp would rotate four DC generators, while the capacity 
of each of 12 traction electric motors amounts to no 
less than 600 hp. Such a locomotive will need, for a 
run of 1,000 km (621.4 mi), only 45 to 60 gm of atomic 
fuel... If a train running from Moscow to Vladivo 
stok needs 600 metric tons of coal, it would require only 
about 0.5 kg (1.1 lb) of uranium fuel, almost a million 
times less.” Khachaturov also discussed the promise of 


nuclear power for ships, saying that “with no rise in cost, 
the speed of delivery of cargo in ships with atomic 
power engines can be increased by 40 to 50%.” Turn- 
ing to aviation, he said the capacity of an aircraft nuclear 
engine would be between 50,000 and 60,000 hp. In 
principle, two types of engines are my ty he said: 


propeller-type, with the prop rotated by the shaft of a 
gas-turbine powered by hot gases coming from the re 
actor; or jet-type, with uranium dust introduced into an 
air compressor and forced through graphite into the 
reactor. Cooling air is pumped through the reactor, the 
[outlet] air temperature ranging from 600° to 900° C. 
This hot air thrust provides a speed of 1,500 to 2,000 
km/hr (932 to 1,244 mph); one kg of U™ suffices for 
an uninterrupted flight of 10,000 km (6,214 mi), and a 
world cruise could be completed in 15-20 hours. 
Khachaturov said reserves of U and Th in the USSR 
“exceed by more than 22 times all known resources of 
coal, liquid fuel and oil shale.” 


A-power for South Africa. South African Minister of 
Mines Van Rhyn is to name a commission to study 
establishment of a nuclear power station in western 
Cape Province, the part of the Union furthest from coal 
sources, 


Denmark Preparing Research Center. Site clearing and 
road improvement has started at the site of Denmark's 
Risé nuclear center (NU, Dec. ’55, p. 14, July 56, p. 
Rl), and a pier is being built in Roskilde Fjord for the 
unloading of materials for the center. The Danes ex 
plain they will use their 5-watt Atomics International 
water boiler for training, so that the 5-Mw Foster 
Wheeler tank type reactor may be reserved for research 
and isotope-production 


Australia Emphasizing Isotope Use. 
promote increased industrial and medical use of radio- 
isotopes, the Australian AEC has set up a special Isotopes 
section, headed by J. N. Gregory who just completed a 
study tour in the U. S. and Britain. Australia will con 
tinue to import isotopes for at least three years, but will 
produce short-lived isotopes at Lucas Heights when the 
research reactor there is completed (NU, Aug. ’56, p. 
Rll). Special attention will be given high-level (1000 
curie) gamma radiation sources of cobalt-60. Australia 
is also reportedly contemplating use of nuclear power 
in developing an aluminum industry. Huge deposits of 
bauxite have recently been discovered on Cape York 
in the far north of Queensland, where no other power 


In a campaign to 


resources are available. 


New Uranium Find in France. A promising deposit of 
uranium has been found in the Haute Vienne depart 
ment, near Limoges and France’s first uranium mine at 
La Crouzille, working since 1950. 


New German U™ Process in Politics. The separation 
nozzle method for uranium enrichment (NU, June ‘56 
p. 19A) has become a focus of Euratom talks on nuclear 
fuel. Euratom treaty talks are in a very advanced stage, 
but the experts’ committee urges that detailed planning 
for a Euratom isotope-separation plant proceed before 
Question is no longer whether, but 
how and where the plant is to be set up. 
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Report from Italy 


ROME 

In midsummer Italian public opin- 
ion for the first time turned its at- 
tention to national nuclear prob- 
lems Iwo clamorous events made 
the country aware of the radical 
differences of that exist 
among those responsible for the 
nations atom polic y. 

First came the sudden resignation 
of Prof. Francesco Giordani as presi- 
dent of the National Committee for 
Nuclear Research (CNRN). This 
followed by a few days a verbal 
battle between Giordani and Senator 
Guglielmone, spokesman of the great 
Italian electric and financial groups, 
at the opening session of the inter- 
national nuclear congress held in 
Rome in early July. The contro- 
versy arose from the radical differ- 
of opinion about the duties of 
the State 
ve lopme nt, and reached such a de- 
gree of asperity that the meeting, at 
which the officer in the 
State was present, had to be sud- 
denly adjourned. 

Second was a letter to the press 
signed by most of Italy's leading 
atomic scientists, voicing their alarm 
at the niggardly sums Italy had as- 
signed to date for the solution of 
It was a protest 
at the country’s backwardness in 
nuclear science, and an appeal to 
act before it is too late to recover 
time lost 

lo understand the problem one 
must bear in mind the organization 
of nuclear activities (NU, Sept. 56, 
p. R6). The task of giving prac- 
tical effect to government policies in 

leonics is to CNRN, 
set up in 1952 with headquarters in 
tome For industrial applications, 

ly works with and through 

» Center for Nuclear Information, 
Studies and Experiments (CISE) 
founded as a private company in 
1946 in Milan by physicists with 
business backing, and reorganized 
this year (NU, March ’56, p. 23) 
as half privately-, half State-owned. 
For pure research, CNRN avails it 
self of the National Institute of Nu- 
Physics (INFN) with head 
offices in Rome and five sections in 
the Physics Institutes of the univer 
sities of Rome, Milan, Turin, Pisa 


ind Padua. 


opimon 
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in relation to nuclear de- 
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In its four years of existence, 
‘N has been appropriated a 

f only $4-5 million. This 
borne in mind in 
uppraising the results obtained in 
this time: A 1-Bev synchroton was 


designed by the section of 
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INFN, construction was started at 
Frascati late last year and it is to 
start operating in two years’ time, 
one of the most powerful in Europe. 
A 100-Mev sync hrotron is being 
built in Turin. 

For applied research, CNRN pro- 
posed construction of a research re- 
actor to permit training of staff and 
study of behavior of materials under 
irradiation and of chemical process- 
ing. CISE was to have designed 
and built it, and proposed a 10-Mw 
natural uranium D,O reactor; these 
owe were dropped when the U, S. 
vjilateral was concluded, and a 
CNRN mission headed by Giordani 
himself bought a CP-5 in the U. S. 
from ACF Industries. This unit is 
to be installed near Ispra on the 
east shore of Lake Maggiore; sched 


Ispra 
Turin 


uled to start operating next year, it 
will serve to train staff, to produce 
radioisotopes and to permit calcula- 
tions for a pilot nuclear power plant. 
CISE has also set up a pilot plant 
to produce 5 tons/yr of metallic 
uranium from uranate of ammonia. 
In collaboration with the Montecatini 
chemical group, it has designed a 
heavy water plant by distilling ordi 
nary water, using as heat source the 
boracic steam jets of Lardarello in 
Tuscany. And it has planned an 
other type of plant to produce | 
ton/yr of D,O in preconcentrated 
form. 
This 
being 
energy. 
particularly by 
other countries. 
Chief responsibility for this situa 
tion lies on the government, whose 
inertia has gone beyond all tolerable 
limits when it is borne in mind what 
colossal progress has been achieved 
in the last few years in utilizing 


is all that has been or is 
done in Italy in nuclear 

It is certainly very little, 
comparison with 


atomic energy, and what atomic 
energy may represent in a country 
like Italy, already facing a serious 
shortage years 
Italy must provide at least 50 billion 
kwh/yr of new thermal power, hav- 


ing about exhausted her hydroelec 


power within 20 


tric resources, 

This prolonged government in 
ertia cannot be explained only by 
unpreparedness of Italian political 
classes to deal with nuclear prob- 
lems. It must be examined in the 
light of 
sides placed on the Rome govern 
ment. On one hand, Italian nuclear 
scientists have been demanding not 
only adequate support for CNKN, 
but also a clear definition of its tasks 
and powers, and legislation fixing 
the limits and the relations between 
private and public enterprise in this 
field. On the other hand, the great 
industrial groups of north Italy have 
been unwilling to have the govern 
ment direct the program; immedi 
ately after the Geneva conference 
they began agitating for an ambi 
tious, industry-directed program for 
vast chains of nuclear power stations 
and for opening direct contacts with 
foreign countries to carry them into 
effect. The industrialists want all 
industrial uses of energy 
reserved to them alone; the scien 
tists demand that the State also de 


pressures from opposite 


nuclear 


velop some industrial nuclear plants 
Leading newspapers proclaimed the 
incapacity of the government and 
its organs to carry out a national 
nuclear program and urged legisla 
tion limiting government action to 
research and import of 
materials. 

The conflict has been sharper in 
Italy than in other countries be 
cause the existence of State-owned 
plants may set off price competition 
in fields that until now 
controlled by a few industrial groups 
acting tightly in concert 

Caught between these conflicting 
wressures, the 
loots how to assert itself and take 
the necessary decisions 
after the shock 
public opinion by the crisis in 
CNRN, has it seemingly realized the 
need to stop procrastinating. 

The first decisions, urgently taken 
in the wake of the storm raised by 
the Giordani relate to 
CNRN. The $6-million required to 
complete the first stage of its plans 
has at last been made available, and 
will permit completion of the Fras 
cati synchrotron and installation of 
the CP-5 at Ispra. 


necessal y 


have he en 


government has not 


Only now, 
administered to 


resignation, 


Moreover, Prime 
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Minister Segni has put CNRN’s 
proposed 5-year plan on the agenda 
of the Cabinet's first fall 
This plan calls for spending 100 
billion lire ($160-million) in five 
ears (1957-61) to buy abroad on 

Id in Italy three reactors: an 
MTR, a plutonium production pile, 
and a large power reactor; to endow 
the Ispra center with a large labora 
tory for research on nuclear power 
and Frascati with a national nuclear 
research lab. The plan also pro 
vides for theoretical and practical 
courses to train 200-300 nuclear ex 
perts per year, and for geological 
studies directed at wranium and 
thorium prospecting, Of the 20 
billion lire to be spent each year, 17 
are to go for research on industrial 
applications, and 8 for scientific re 
search (of which 1 billion is for 
Italian participation in CERN) 

A government committee of three 
ministers, including those of indus 
try and of public works, will have 
the task of drafting a new atomi 
energy law. Bills already submit 
ted will be shelved as they provide 
for either inadequate or excessive 
government control. Policies 


meeting 


now 


contemplated for industrial use of 
nuclear energy seem to favor a sys 


tem, already used in hydroelectri 
development, where private ente: 
prise carries out projects under 
agreements reached on each occa 
sion with the government 

This solution will probably meet 
with determined opposition from th 
reat business interests, which have 
et it be understood their wishes go 
far beyond the measures contem 
plated. However a_highly-placed 
source has reported recently that the 
bill to be presented to Parliament 
will meet industry's wishes. While 
allowin private nuclear enterprise 
under State control, it would make 
CNRN a State consultant body with 
out permitting it to start enterprises 
for industrial exploitation of nuclear 
energy. A fierce and lengthy politi 
cal struggle over the proposed legis 
lation appears to be in the offing. 

Meanwhile, a mission headed by 
Prof, Edoardo Amaldi of CNRN was 
on its way to Washington to nego 
tiate a power bilateral. It was re 
portedly asking a materials testing 
reactor, two power reactors each of 
about 150-Mw electric, and 2,000 
kg U™. Involved in the power 
plans are the SELNI and SORIN 
syndicates (NU, Sept. '56, p. R6), 
and Societa Edison of Milan, which 
is awaiting ratification of the bi 
lateral to buy a big U. S. power unit. 
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Germany Pursuing 
8 Reactor Projects 


Because of a recent plethora of West 
German announcements of reactor plans 
(NU, June ‘56, p. 21A, July, p. Rl, 
Aug., p. R11), Nucixzonics here pre 
sents a comprehensive run-down of all 
projects now under way or being 
planned 

1, The University of Munich is 
getting a 1-Mw (heat) pool-type re 
actor. A definite order has been placed 
with AMF Atomics. The $450,000 
cost will be shared by the Federal 
Republic and the State of Bavaria 
Operations are to start in July 1957, 

2. The University of Frankfurt and 
the Technical University of Darmstadt 
will jointly operate a 50~L00-kw (heat) 
water-boiler. A definite order has been 
placed with Atomics International 
(NAA). The $1.2-million cost (exclu 
sive of transportation and construction 
expenses) will be shared by the Fed 
eral Republic and the State of Hesse, 
with possible participation by the giant 
cheraical firm Farbwerke Hdéchst of 
Frankfurt. 

3. The City of (West) Berlin has 
placed an order with Atomics Inter 
national for another 50-100-kw water 
boiler to serve the Free University and 
the Technical University in West Berlin, 
but this order is subject to approval of 
the project by the Allied Kommanda- 
tura, the four-power body governing 
the city. U. S. officials in Bonn ar 
optimistic, but German officials in Bonn 
are convinced the Russians will 
the project. 

4. The Hamburg “Society for Utili 
zation of Atomic Energy in Shipbuild 
ing and Shipping” has placed a defi 
nite order, ac cording to German sources 
with Babcock & Wilcox of New York 
for a pool-type reactor of up to 1-Mw 
(heat). Cost, including fuel for 18 
months, is $450,000; delivery date 
August 1957, 

5. The State of North-Rhine—West 
phalia has ordered a Merlin pool-typ: 
reactor from AEI-John Thompson of 
London. It will cost about $200,000 
rhis reactor will be the basis for work 
to be done at a nuclear research center 
to be established at Kénigsforst outside 
The center will 
Universities of Cologne and of Bonn 
and the Technical University of Aachen 

6. The State of North-Rhine—West 
phalia is still negotiating for a second 
reactor, This is presumed to be a 
10-Mw MTR of the British Pluto type 
and the $6-million order may well go 
to Head Wrightson & Co., of London 
Financing will be undertaken by the 
State government and private industry 
and the reactor will in all probability 
be part of the Kénigsforst research 
center 

7. Government and industry in col 
laboration are planning an all-German 
10-Mw (heat) research reactor to be 
built at Karlsruhe, possibly at Heilbronn 


veto 


Cologne serve the 








This reactor will 
and built entirely by 
German effort, using German natural 
as fuel and German heavy 
(made by Farbwerke Héchst ) 
The cost, slightly under 
$10-million, will be half by the 
Federal Republic the State of 
Baden-Wiirttemberg, half by industry 

8. The Rheinisch-Westphilische 
Elektrizitaétsgesellschaft (RWE), 
of Germany's largest utilities, has de- 
cided to buy an experimental, 10-Mw 
(electric) power reactor in the U. S. 
for about $5-7% The 
pany has not yet which of 
eight None of the 

en types proposed by U. S. and 
British firms can produce electricity at 
less than 10 pfennig/kwh (23.9 mills), 
RWE calculates, while steam plants 
today operate at 4 pfennig/kwh using 
local coal and 5 pfennig using U. S. 
Although this first 
German nuclear plant will therefore be 
highly unprofitable, RWE nevertheless 
The 


ssible to all German 


just NE of the city 
be designed 


uranium 
water 
as moderator. 
met 


and 


one 


million. com- 
decided 


offers to acct pt. 


‘ oal 


i nported 


wants to get it, for test purposes 
reactor will be acce 
firms on condition they agree to a mu 
tual information, 
because RWE wants to ensure that as 


exc hange of and 
reactor types as possible are 
tested in West Germany—that they 
choose a different type if they decide 
to set up a nuclear power plant of their 
RWE the first 
economical, German atomic power plant 
of 700-1,000 Mw built in 10-15 years 

There are rumors. 
spec ulations on various other plans, but 
none yet solid foundation. The 
eight projects above are the portrait of 
the German reactor situation today 


U. S. Warned on Up-Hill 
Fight on Foreign Sales 


The Netherlands’ scientific attache in 
Washington, Henri Polak, told the 
Forum in Chicago that U. S. aid to 
friendly countries under the atoms-for 


Inany 


own foresees large 


abundant and 


have 


peace program was not an unalloyed 


blessing. “In 


future 


anticipating a possible 
foreign reactor 
power,” he said, “it can 


not be ignored that there is a definite 


choice of types 


for nuclear 


compromise to be accepted between 
the attractions of enriched fuels 
the disadvantages of the strings at 
tached to it and of the limited period 
f guaranteed fueling, at 
the U. S. is 
bilateral 
these disadvantages may well tend to 


and 


least in case 
the supplier under the 
agreement In some cases 
turn potential European customers of 
a. o 


untries 


industry to other systems or other 


where more certainty about 


ntinued fuel supply or less stringent 
In other 
words, the European marketing efforts 
of the U. S. nuclear industry will be an 
ip hill battle in which the technical 
merits of your system will have to be 


onditions can be negotiated 


made strong enough to overcome these 


disadvantages.” 
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Reactor News 


Alco starts up criticality facility. One of the first 
privately owned of its kind to be built, Alco’s critical 

facility was formally opened last month and work was 
underway all month testing the core for the Army 
Package Power Reactor. Operation of the tests was at 

a power level of 1 watt. The $230,000 facility consists 

1 gleaming-white, almost windowless cubic building 
bank of the placid Mohawk river in the Alco 

ist east of Sc henectady; it comprises a two-story 

ced concrete reactor room 40 x 30 ft and 30 ft 

a control room, a shielded counting room and 
rative offices. The reactor room houses a 

500-gal. unpressurized reactor water tank supplied by 
500-gal. storage tank located in a pit below (sket« h 
March °56, p. 22). A 50-gpm pump fills the r 
essel from the tank, and if the reactor is ap 
oaching criticality by water level a remote-operated 

e will bypass part of the water around the pump, 
ducing the pumping rate to make accurate measure 
nts possible. In the other direction, a 6-in. dump 
with remote-operated quick-opening butterfly valve 
from reactor vessel to tank. The reactor room 

iled will withstand internal pressure of 3 in 

ve atmospheric. Filters in the room will re 

of any radioactive particles before the air is 

o an exhaust stack and the filtered air will be 

ntly monitored, as will discharge water. Installed 
reactor vessel at present are the grid and the 
mechanism for the Ft. Belvoir APPR 
fuel elements and control rods for APPR are in use 
d has 45 positions, 7 for control rods, 38 for fuel 
Tests underway will cover determination of 

ct conditions for criticality, measurement of con 


| I rd drive 


worth as opposed to fuel addition, calibration of 
th needed to control the reactor over its life, 
ition of the exact temperature coefficient of 
study of the flux and power distribution, and 
ement of reactor shielding. Doing this work at 
ctady while the construction contractors are stil] 
Ft. Belvoir (NU, Sept. 56, p. R9) is estimated 
After the APPR core has been 
1 out, other studies on Alco designs will be carried 
1 Alco is planning also to offer a criticality experi 
rvice to other firms. Alco itself plans to special 
signing and building small power reactors in the 
15-Mw range 


five months 


Westinghouse to build cruiser reactor ... The Navy 
wded Westinghouse an $18.3-million cost plus 
contract “to furnish reactor compartment components” 

r a nuclear-powered guided-missile light cruiser, the 
Id This cryptic phrase 


’ 


first nuclear surface ship. 


renerally inte rpre ted to mean Westinghouse would 


tild the reactor, which in all probability will be an 
need PWR, although asian Westinghouse, AE 
Navy Bureau of Ships would confirm this. Us 
circumlocution may have been designed to hide 
umber of reactors the ship will carry. The power 
plant is being designed and developed by AEC in co 
peration with BuShips. The cruiser will be built at 
Bethlehem Steel’s Fore River yards, Quincy, Mass.; cost 
is estimated at $87.5-million. The ship is part of the 
fiscal 1957 shipbuilding program which also includes 
preliminary work on reactors for a supercarrier. West 
nghouse meanwhile announced an expansion of its naval 
rs installation at the Idaho testing station, where 
perates the S1W Nautilus prototype reactor and where 

rk began in March (NU, March °56, p. 22) on a 
based hull section to house a prototype reactor 
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(perhaps two) for an aircraft carrier. This unit is called 


A1W. 


Westinghouse also 
contract for 


. and gets Yankee contract. 
made news last month when it signed 
development and design of the reactor for the $34- 
million, 134-Mw Yankee Atomic Electric Co, power 
lant to be built at Rowe, Mass. Westinghouse had 
ween Yankee’s design agent for about a year, drew up 
the design for a PWR that AEC approved in January 
(NU, March °56, p. 22; May p. 22; July p. R10). 
Actual construction will start next year when engineer- 
ing and design work now in progress has been com- 
pleted; initial operation is set for 1960. Over-all design, 
development and construction will be handled jointly by 
Westinghouse and Stone & Webster Engineering Corp. 
Yankee meanwhile announced also that New England 
Tree Experts Co. of Northampton, Mass., had begun 
land-clearing operations at the Yankee site. 


Components for PWR arriving. Two of these Foster 
Wheeler straight-through primary heat exchangers for 


PWR have arrived at the Shippingport site. Combus 
tion Engineering’s Chattanooga works completed the 
230-ton, 33-ft high reactor vessel of 8%-in. thick steel 


it is now on its way by special flat-cas 


Irradiated electronic components work. lKeactor con 
trol components—a multivibrator and a cathode follower 

have been operated successfully at high temperatures 
and in high-intensity radiation for more than 1,000 
hours, General Electric's Aircraft 
partment announced, They have been in capsules in 
the Oak Ridge graphite reactor since es 1956, sub 
jected to 90% of maximum reactor radiation and tem 
peratures up to 450° C. GE said it has also constructed 
a motor of radiation-resistant materials that has run at 
500° C for 50 hours. Meanwhile another step-up in the 
ANP program was announced; the Air Force's Air Re 
search and Development Command has contracted for a 
long-term research program using the nuclear shielding 
facility on top of the Brookhaven reactor 
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News in Brief 


Bi test loop for Brookhaven. Catalytic Construction Co. 
of Philadelphia has been awarded a contract for design 
and fabrication of a utility test loop for circulating molten 
bismuth. Work is underway and the loop is to be 
completed by spring. It will be used to test heat ex 
changers, controls and instrumentation in the BNL liquid- 
metal-fueled reactor program 


Two more Van de Graaffs for Dow A pair of 2-Mev 
accelerators have been bought by Dow Chemical Co. 
from High Voltage Engineering Corp. for basic studies 
in radiation chemistry One is for the radiochemistry 
lab at Midland, Mich., the other for the western division 
research lab at Pittsburg, Calif 


Argonne school doubling throughout. AEC has accepted 
63 scientists and engineers, 50 of them from 24 
foreign nations, for the fourth class in its International 
School of Nuclear Science and Engineering at Argonne 
National Laboratory, Half are going to Penn State, 
half to North Carolina for the first 17 weeks of their 
study; meanwhile third-session students, having com 
pleted their work at these two universities, have started 
advanced work at ANL and will be graduated Jan. 11, 
after which fourth session students will take their places 
at Argonne. This arrangement, started with the third 
session, permits doubling total enrollment; a similar 
system is envisaged for Oak Ridge School of Reactor 
Technology (NU, Sept. 56, p. R7) 


Irradiation plant for Buffalo. A 15,600-curie Co” 
source has been ordered by Isotope Products of Buffalo 
from Atomic Energy of Canada Ltd. One of the largest 
in the world, the source will be installed next year in a 
new, $100,000 irradiation pilot plant now being built; 
it will provide up to a million roentgens/hr for a wide 
range of products of different sizes that will be exposed 
on a conveyor belt system 


SPERT-3 contract to be let. Plans and specifications 
have been issued for construction of a 59 « 80-ft reactor 
building, utilities, site facilities and the non-nuclear por 
tions of the reactor system for SPERT-3 (NU, March 
"56, p- 46) at the National Reactor Testing Station in 
Idaho. Work will cost about $1-million 


Matterhorn’s new building ready. The $500,000 new 
lab built expressly for Project Matterhorn (the Prince 
ton group of the Project Sherwood fusion-power effort) 
is ready for occupancy. The project is growing so 
rapidly that the staff is already able to utilize all the new 
facilities. 


Thermonucleonics basics published. The physical prin 
ciples underlying controlled thermonuclear power are 
discussed in a 24-p article by Richard F. Post (head of 
the fusion-power experimental group at Livermore) in 
the July, 56 issue of Reviews of Modern Physics, just out. 
Meanwhile issue 3 of the new Russian journal Atomnaya 
Energiya contains several articles detailing experiments 
Kurchatov described at Harwell (NU, June '56, p. 36). 


New plant for AI. Construction of a 140,000-ft’, one 
story building to house manufacturing, purchasing and 
warehousing operations for Atomics International began 
last month. Located in Van Nuys, near the San Fer 
nando Valley airport NW of Los Angeles, the facility will 


include office and factory space to consolidate all Al's 


manufacturing activities and provide for increased re- 
search and developme nt activity. It will double the 
company’s present plant area. S« heduled for occu 


pancy in April, 1957, it will ultimately house 500. 


Another new U deposit. Phillips Petroleum Co.'s in- 
tensive core drilling on a 1,280-acre mining lease near 
Grants, N. M., has resulted in discovery of a 1.5-million 
ton high-grade uranium body. Further drilling con 
tinues on the unexplored parts of the lease; engineering 
studies of the ore body are underway and a mining shaft 
will be started this fall. Phillips has begun negotia 
tions with AEC for erection and operation of a process 


ing mill 


Cold U™ processing studied. 125 representatives of 96 
industrial firms attended a three-day classified meeting 
at Oak Ridge on processing of unirradiated enriched 
uranium. The meeting was called to provide industry 
with AEC-developed technology on processing enriched 
UF, to metal, uranium dioxide and urany! sulfate, and 
on recovery of uranium scrap generated during fuel 
material preparation and fuel element fabrication. 


Commemorative exhibit at U. N. As a permanent re 
minder of the historic significance of the first atomic 
conference held at Geneva in August 1955, an exhibit 
will be mounted at the north end of the Secretariat 
suilding lobby. It will consist of displays donated by 
the seven countries that had models of reactors on dis 
play at Geneva: Canada, France, Norway, Sweden, 


USSR, U.K. and U.S 


Spent MTR elements available. AEC has announced it 
has available a limited supply of spent MTR fuel ele 
ments for rental to licensees as gamma sources. Priority 
will go to requests for research and development use 
including pilot plant testing. A flat charge of $100 per 
element per year will be made, plus handling and 
transportation costs. Generally no one user may possess 
more than four elements at any one time. Elements are 
available after 90 days’ cooling, when each has an initial 
gamma radiation rate of about 200,000 roentgens/hr. 
Each element contains about 150 gm | 
AEC to waive on some inventions. The Commission 
has announced it will waive its statutory rights to in- 
ventions or discoveries resulting from use of materials 
made generally available by AEC including source and 
fissionable materials heavy water, and radioactive and 
stable isotopes. Purpose is to encourage research and 
development in atomic energy. 


U-prospecting aid for other countries. A_ three-part 
program of aid to friendly nations in the field of uranium 
exploration will be offered by the U. S. It embraces: 
access to information on uranium geology and explora- 
tion techniques, fields in which the U. S. has made sub- 
stantial contributions encouragement to _ interested 
countries to send geologists and technicians to the U. S. 
for laboratory and field study; sending AEC geologists 
abroad for brief visits on request for discussions and to 
make preliminary investigations of known U occurrences 
and favorable areas. This plan continues and extends 
an AEC aid program under which, since 1951, it has 
carried out cooperative projects with about a dozen 


countries 
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WRITE DEPT. 1106 FOR YOUR ISSUE 
OF THE NEW RCL-WAKEFIELD 
catalog containing de- 

sctiptions of all the 

latest nucleonic instru- 

ments end scientific 
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A Specific Cambridge Filter 
for Each Specific Requirement 
in 
Tracerlab’s 
New Building 


The new W ilth in M i pl int ¢ } Ir we rl ib Ir 9 piom ers 
in isotopes, nucleonics and X-ray, will be the most modern 
nuclear instrument plant in the world and will contain the 
world’s largest commercial radiochemical facilities. For safety 
and product quality, a wide ige of air filter efficiencies are 
required, Only Cambridge was able to supply the right filters 
for each re quirement 


os 


For Removing Radioactive Particles... 


Cambridge ABSOLUTE Filters safely remove all haz 
ardous particles from radiochemical areas in the new 
Tracerlab plant. Absolute filters, specifically developed 
for the A.E.C., have been used for many years in the 
removal of radioactive particles. Each filter provides a 
guaranteed efficiency of 99.95% on particles of 0.3 
micron (.0000118” ) diameter 
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Cambridge ABSOLUTE Filter 


.-. For Clean Air in Non-Radioactive Areas 


Cambridge AEROSOLVE 85 filters are used in critical 
manufacturing and assembly areas. AEROSOLVE 35 
filters are used in other manufacturing and office areas 





Acrosolve Filters cover quality comfort air cleaning as 
well as a wide range of critical industrial requirements 


° 


Filter efficiencies from 35% to 95% * are available. These 








filters remove both visible and inv isible (below 10 microns) 
smudge produ ing parti les 

















* Based on the National Bureau of Standard N.B.S 
Discoloration Test on Atmospheric Dust 


CAMBRIDGE FILTER CORP. 


Cambridge filters cost less than Pioneers in High-Eff 
any other filter of comparable 

efficiency. Write for complete in- 
formation. 





Cambridge AEROSOLVE Filter 


ency Air Cleaning 
726jE. Erie Blvd Syracuse 3, N. Y. 
Representatives in Principal Cities 
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Under the microscope, ordinary shielding 
metals (above) reveal voids that seriously 
reduce radiation absorption . . . while 
Mallory 1000 Metal (below) shows high 
density, positive shielding all the way 
through 


Sa RE 


Get predictable radiation shielding... 


with uniform Mallory LOOO 


HE HIGH DENSITY and superior radiation-absorbing 
T capability of Mallory 1000 Metal extend through 
every part of every piece. Special Mallory manufactur- 
ing methods give this unique material an internal struc- 
ture comparable in uniformity with forged metals 


To the designer of radiation shields, this superior 
uniformity permits calculations based on precisely 
controlled absorption characteristics rather than 
“average” or ‘“‘typical’’ values. Safety factor allow- 
ances can be minimized to permit smaller parts and 


lower overall costs. 


In Canada, made and sold by Johnson Matthey & Mallory, Lid. 


110 Industry Street, Toronto 15, Ontario 


Serving Industry with These Products: 


Electromechanical—Resistors « Switches © Television Tuners * Vibrators 
Electrochemical—Capacitors «¢ Rectifiers *« Mercury Botteries 


Metallurgical — Contacts « Special Metals and Ceramics * Welding Materials 


Mallory 1000 Metal is up to 40°; more efficient than 
lead. It is being used at energy levels to 100 MEV, 
for source capsules, “‘switching’’ devices and similar 
purposes. Mallory contour pressing permits manu- 
facture of intricate shapes to precise dimensions at 
economical cost. Mallory 1000 has high tensile and 
flexural strength, and machines readily to excellent 


surface finish. 


For complete information, write to Mallory today 


for Technical Bulletin 6-7 


Expect more...get more from 


ee ee eee 


-MALLoRY 


J 
es $e) | 


For information on titanium developments, contact Maliory-Sheron Titenium Ceorp., Niles, Obie 
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A CCGCR propulsion system as it would appear in a tanker 


PROGRESS REPORT NO. 2 


THE CLOSED-CYCLE GAS-COOLED REACTOR 
..-for nuclear propulsion 
p 


Ford Instrument Company is continu 
ing its investigations of the Closed 
Cycle Gas-Cooled Reactor, “The 
Eighth Reactor Type.” Latest finding 
show that the CCGCR has many attrac 
tive possibilities for ship propulsion a 
well as for stationary power plants 

Illustrated on the right is a schematic 
of a ship propulsion system as visu 
alized by FICo 

There are definite advantages which 
will make this plant attractive to ship 
operators Among these is the drastic 
reduction of fuel storage facilities. This 
reduction in fuel carrying requirement 
can be reflected itt additional revenue 
carrying capacity, In addition, such a 


system should offer: 


Low Cost 
High Thermal Efficiency 
Maximum Safety 


A Minimum of Moving Parts 
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THE CLOSED.CYCLE 
GAS-COOLED REACTOR 


REACTOR CONTROL 
AND INSTRUMENTATION 


SYSTEMS 


REACTOR CONTROL 
COMPONENTS 








CONTROL R i) 





Simplified Flow Diagram showing major components 


of ship propulsion system 


write to 107 


FORD INSTRUMENT 
COMPANY 


Division of Sperry Rand Corporation 
31-10 Thomson Avenue, Long Island City 1, N. Y. 
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View of Nuclear Systems’ radiation facility. Radioactive materials and equipment inside the working area are handled 
remotely by two master-slave manipulators controlled from outside. For observation there is a window thirty-six inches thick, 
of high-density glass, and also a multi-lens, closed circuit television camera, feeding to a monitor beside the observer 


PRESENTING NUCLEAR SYSTEMS 


A New and Complete Service in the Nuclear Field 


Nuclear Systems is a division of The Budd Company and has the 
resources of Budd technical, engineering and manufacturing facilities 

an organization of more than 20,000 personnel—to draw on. I[t is 
staffed and equipped to provide the following products and services: 


Radioactive Sources of All Types and Strengths 

Any type of radioactive source, fabricated in any shape, containing 
any saiidiosbans normally available from the Atomic Energy Com 
mission, and up to 10,000 curies or more in strength. 


Associated Shielding and Exposure Equipment 

Standard and custom equipment and machines for shipping and 
storing, as well as the controlled exposure of any type of radioactive 
source for any application including deep therapy. 

instrumentation for Custom Installations 

Custom radiation detection and control equipment for industrial 
installations, including radiation level warning systems, non-contact- 
ing gaging equipment and control systems utilizing radioactive mate 
rial as the sensing element. 

Consultation and Irradiation Services 

Nuclear Systems’ engineers are available for consultation on any 
products or processes involving penetrating radiation. Irradiation 
service is available for samples sent to Philadelphia, using either 
betas or gammas in a manner and with a flux as specified. 


Address inquiries to: 


NUCLEAR SYSTEMS « A DIVISION OF THE BUDD COMPANY 


Philadeitphia 32, Pa 
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ENGINEERS, SCIENTISTS... 


Help develop the world’s first 
nuclear powered fleet 


Nuclear power offers tremendous advantage for 
naval vessels. From the fuel standpoint, cruising 
ranges are virtually unlimited—-even at new high 
speeds. No refueling facilities will be required to 
replenish nuclear propulsion fuel. Therefore, the 
physical design of the fleet can be streamlined for 
greater efficiency and safety. 

At the country’s largest design-engineering center 
for nuclear power reactors, Bettis Plant in Pittsburgh, 
operated for the Atomic Energy Commission by 
Westinghouse, the application of nuclear power has 
progressed rapidly. However, the nuclear power 
plants already in operation today represent only the 
beginning of a new technological era. Major advances 
in many areas are necessary. 

These include: the development of new uranium 
alloys for use in reactor cores; greater understanding 
of reactor physics, of heat transfer, and of the effects 
of radiation on materials; development of new and 
improved components such as valves, pumps, heat 


exchangers, and instruments to meet the new severe 
requirements. 

To do this, Bettis Plant needs farsighted men. 
Regardless of your interest, you can choose a place 
in the varied operations at Bettis Plant. 

Atomic experience is not necessary. 

What’s more, Bettis Plant is in Pittsburgh’s 
South Hills. Here you can enjoy good living in 
pleasant suburbs near the plant, and still be conven- 
ient to one of the nation’s most progressive metro- 
politan areas. 

Educational opportunities are exceptional. West- 
inghouse helps you continue your studies at any one 
of three Pittsburgh universities. 


Write for descriptive brochure on 
opportunities in your field. Be sure 
to specify your interests. Address 
Mr. A. M. Johnston, Westinghouse 
Bettis Plant, Dept. A78, P.O. Box 1468, 
Pittsburgh 30, Pa. 


lomorrow's 


Opportunity 


BETTIS PLANT 
Westinghouse 
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Measure 

pressures 

from 

1 to 2000 microns Hg 
with our 





NEW PIRANI GAUGE 


Continuous and direct reading. 


Greatly reduced zero shift. 

Redesigned sensing element in single metal tube 

Xela Mae) olelam olola delel|-MelileM ol, mae Milsellei Mele teMalcallia o 
Automatic yoltage regulation. 


Increased sensitivity for leak detection as high as 1|Omm Hg 


FOR FURTHER INFORMATION WRITE 
FOR DATA SHEET NO. 9-31 


Consolidated Vacuum, Rochester 3,N.Y. 
CONSOLIDATED ELECTRODYNAMICS CORPORATION 


Sates Offices 
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GENERAL ELECTRIC MAKES PROGRESS in the atomic motor field. 
In the near future, workmen will have transformed this factory 


TO GIVE THE ATOMIC INDUSTRY EVEN BETTER SERVICE... 
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for zero leakage 


into additional engineering, manufacturing and testing facilities 
electromagnetic 


and canned motor pumps 


General Electric begins $2 million 
atomic motor expansion program 


G. B. Woods (left), Medium Induction Motor 


Department section manager, discusses ex 
Ketchum, manu 
ale 


pansion plans with R. D 


facturing superintendent. S« 


additional testing facilities 


model sh 


vs 
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To meet the highly specialized 
pumping requirements of the atomi: 
industry, General Electric has be 
gun construction of additional 
reactor-coolant pump manufactur 
ing and test facilities at its Medium 
Induction Motor Department in 
Schenectady, New York. 

This is the latest example of the 
progress being made by Genera! 
Electric in the development of 
canned motor and electromagnet 
pumps for the atomic industry 

General Electric’s Medium In 
duction Motor Department has 
been building this specialized equip 
ment since 1948. It has produced 
units for the Seawolf and Nautilus, 
the Atomic Energy Commission’s 
West Milton, N. Y. test site, and 
nearly every other major govern 
ment or commercial nuclear project 

This motor department is now 
expanding to meet the growing 


needs of the atomic industry. Zero 
leakage pumps and pump motors 
require highly specialized engineer 
ing and manufacturing skills, and 
the additional facilities at General 
Electric will extend correspondingly 
the service available 

The same experienced engineers 
who pioneered this field are backed 
by specialized testing and produc 
tion equipment. They will design 
and adapt electromagnetic or 
canned motor pumps to your 
reactor requirements 

For information on 
electromagnetic or canned motor 
pumps, write P.O. Box 1064, 
Medium Induction Motor Dept., 
General Electric Co., Schenectady 
5, New York 573-4 


complete 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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O' roBerR 17, 1956, will find the eyes of the 
world focused on a picturesque but 
ote corner of England. There, near the 
of Sellafield in the county of Cumberland 
g the Irish Sea, Queen Elizabeth IT w 
throw a switch that will send the world’s first 
ibstantial quantity of nuclear-produced ele« 
city coursing through the power grid of 
(Great Britain. Calder Hall will be on stream! 
It will be a day of pride not only for the 
British but for all the world Regardless ol 
the main purpose of building Calder Hall— to 
produce plutonium with power as a byproduct 
the fact remains that, after more than a 
decade of talking about harnessing the atom 
r peaceful purposes, here will be proof 
vositive of what can be done 
(nd as illustrated on the front cover of 
this issue, this is only the first step in a 
iammoth program that will soon see nuclear 
power stations dotting the countryside 


throughout Great Britain 


a from the achievement of an histori 
‘first,’ special plaudits are due the 
British for what hes behind this accomplish 
ment Although they worked hand-in-glove 

th the | S. throughout the Manhattan 


Project, the legislation we passed after the 


var forced them to go it alone They got 
ibsolutely no assistance from us on the build 
ing of their production reactors, and thei 
gaseous diffusion plant And they certainly 


got none on their new dual-purpose reactor 


October 17, 1956 





Jerome D. Luntz, Editor 

















hus, a hard core of brilliant seentific and 
engineering taient had to start from scratch 
in 1946 and develop a knowledgeable atomic 
energy organization That they did this 
there is no question But those who have not 
had the opportunity to visit the | hk. Atom 
Kenergy Authority establishments may not be 
aware of the single-mindedness of purpose and 
the espru de corps that exists among the 
personne] 

It was this more than anything else that 
enabled the AKA to finish the Calder Hall 
twin-reactor station three years (7?) from the 
time of groundbreaking, despite, among other 
things, the generally cool reaction that the 
{is cooled reactor concept ha received in 


the | Ss 


— the British go from here depends 
very much on the engineering experience 
they develop Although they are certainly 
not wedded to the gas-cooled type, they 
expect to wring the utmost from it It is 
already clear that the bids due this month 
from British firms on the first gas-cooled 
power-only stations will represent a vast 
improvement in design over that of the 
Calder Hall Station 

he British still have a lot to learn And 
so does the U.S. But it is nice to know that 
at last the world has full-scale operating 


nuclear power stations on which to cut it 


teeth 
Our thanks to the United Kingdom for that! 
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Concrete 


1945 Zeep 10 Watts 


research 


1947 TEX 40 mw 


fundamental research, engineering studies, 
radioactive isotopes, plutonium, uranium 


233 


Canadian Experiments Aim 


Results from NRX experiments show that competitive nuclear 


power isnear. Current efforts are directed toward more 


efficient use of fission fuels 


By W. B. LEWIS 
Atomic Eneray of Canad 
Chalk liver, Ontario 


IN 1946 THE ACHIEVEMENT of economik deformation and corrosion, and maxi unless fueling costs are low, we must 


nuclear power seemed a major but a mal reactivity 
for our Chalk River To 
experiments. When we found in 1951 
that we had been able to obtain from « 
NRX as 


keep capital charges on the reactor cer 
tain! 
closer to $100/kw 
20-million for a reactor of 400-thermal- 


Mw Let 


below $200/kw and preferably 
This allows $10 


distant goal understand the reasoning behind 


our program, one must look at the basi 
ost picture 
us not discuss this 


the natural uranium fuel in rating 


much as 3,000 megawatt-days per ton 
without reprocessing, the goal suddenly 
came closer. 

Today our program has a definite 
pri 
high 


form. Our current emphasis is 


directed toward getting 


effective 


marily 
burnup, 


breeding reduced 


COST ANALYSIS 


lor large-scale power in Canada we 


| 


would not be interested in any nuclear 


fuel costs higher than about 2.5 mills 


kwh and would aim at 1 mill/kwh 


Phi 


reactor 


objective rules out many t 


Moreover 


pes ol 


and fuel eycle 


further It affects the detailed engi- 
neering rather than the basic choice of 


one type of reactor rather than another 


Fuel Costs 
lo meet the fuel-cost objec tive some 


clear lines are set for the research- 
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1956 nru 200 Mw 


fundamental research, engineering studies, 


radioactive isotopes, plutonium, uranium 


233 


020 
moderator 


20 Mw (elect.) 


electricity, engineering studies, economic studies 


at Economic Nuclear Power 


ind-development program, It is con 
venient to introduce the burnup, B, the 
| thermal-energy yield in megawatt 


Then 
ts p $/gm to supply fuel, and 


per gram of fuel supplied 


ency of conversion from ther- 
the fuel- 
contribution to the cost of power 
p/24eB mills/kwh 

a simple statement in 


» electrical energy 1s é, 


only 
and if we define p as including 

sing costs and B as we please 
for a single irradiation or with 
yeling, Cy is the corresponding con- 
tribution to the cost of power. 

For ¢ kwh, B 

»/6. Then if fuel costs $6/gm, B must 


1 mill Pp 24¢ ~ 
VMwd/gm, and if fuel costs $24/gm 

1 Mwd/gm 
rev directly obtainable from 
is about 0.8 Mwd/gm* 


total fissions per 
fission and absorp- 
sile material that 
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and the objective might seem unattain 
able of the 
fuel is a the re- 


regeneration 
lactor If 
defined as the 


sile atoms produced 


However 

favorable 
generation factor y is 
number of new fis 
per fissile atom destroyed, we find 


Biuoe = 0.940, If y = 0.9, 


we have a tenfold increase in possible 


Y)Ga 


burnup. 


~ 


For natural uranium p 6 without 


much allowance for fabrication costs 
so B must be 1 Mwd/gm of U™® or 
6,350 Mwd/ton. For any 


fuel it must reach a higher figure. 


enriched 


Therefore we have to devise experi- 
ments to discover how to achieve such 
high burnup without high processing or 


costs 


fabrication 


High Burnup 

Solid fuel may have to be removed 
from the reactor and reprocessed for 
loss of reactivity or 


The first can 


one of two reasons 
deformation or breakup 
be broken down again into change of 


neutron capture in fissile and fertile 


clue to capture in Pu? 


materials; e.g 
and absorption by fission products 
Change of neutron capture becomes 
serious at irradiations in excess of 2,500 
Mwd/ton 


ucts grows steadily 


Absorption by fiasion prod 
and there seems to 
Both 


As ii whole by 


be no sharp limit can be 
lessened for the reactor 
fuel to a 


buckling are 


irradiated 
flux 


moving position 


where neutron and 


lower 


Effect of Breeding 

Considering the importance of high 
burnup and the resulting significance 
of properties of secondary fissile mate 
Pu** and U*™*, it 


that very little information is yet avail 


rials is remarkable 


able on the characteristics of these 
materials as reactor fuels. 

Two sets of experiments have been 
made at Chalk River on the reactivity 
long-irradiated 


contributed by urAa- 


In one of these, which was dis 


29 


nium 








NUCLEAR POWER DEMONSTRATION REACTOR (NPD) is part of the Canadian 


nuclear-power program 
of electric power. 


1). the 
effect of complete 10-ft-long 
NRX 
found that reactivity wa 
tained up to 3,000 Mwd 
pretation is 


cussed at Geneva 


rods was measured in 


comple 
should sum this up by ob 
experimental results were 
able than predictions 

To get a closer insight one long irradi 
ated rod was selected for special stud 
This was cut into many sections and 
examined in many way We hav 
determined the radial distributions of 
plutonium isotopes and fi 
and the depletion of | 
lator measurements on sections of the 


ion product 
Pile-oseil 
rod were made at the Argonne National 
Laboratory and reported at Geneva (2 
Again results were more favorable than 
predictions. We ireful 


ild hold 


have to bh 

however, not to assume this wor 

for power reactors with th lerator 

at high temperature. It nown that 
the ere 

of all plutonium isotopes are higher and 

the value of » (yield of 


under such condition ectior 

neutrons pel 
atom destroyed) from Pu**® ignifi 
cantly less. 


Plutonium Experiments 

To investigate these eff 
both 
amounts of plutonium i 


reirradiated mal 


mass-spectrometer analy 


30 


it will go into operation in 1959 and generate 20 Mw 
lt is uranium fueled, heavy-water cooled and moderated 


mpl we discovers 
tion of the effective cro 
different 


hese experiments provide a check on 


neutron fluxes of quality. 
the deductions from the measured cross 
ections as a function of neutron energy 
lhe larger amounts of irradiated mate- 
provide us with material of differ 
ent isotopic compositions for further 
tudies 
We still 
on the 


lack 
value and variation of the 
Pu**"*, and the effective 


1.08-ev resonance of Pu 


sufficient information 


value 


n lor hape 


ol the W hu h 
by self-shielding determines the effec- 
tive value of the Pu?" cross 


rradiated fuel 


section in 


We have recently made a set of flat- 
ite-type plutonium fuel elements for 
ise in lattice experiments in the zero- 
critical reactor, ZEEP 


experiments will be valuable in deter- 


energy These 
mining the best disposition of returned 
well as in estimating the 


effects of 


plutonium as 
reactivity plutonium pro- 


duced in uranium fuel element 


Deformation, Breakup 


We return now to the seconda basic 


reason limiting the attainable burnup 


before reprocessing deformation or 


fuel Many « 


ments have shown that our basic scien- 


breakup of the x peri- 


tific understanding of the phenomena 


involved is seriously at fault If one 


what restraining force would be 


d to prevent deformation of ura 
metal at any temperature or 
of irradiation, little extrapola 
om experiment seems permissi 


Some fascinating problems are 
the behavior of fission-product 
The yield of long 

on-product gases amounts to 
about 
ind about 20% lor Pu*** 


ton, the 


lived and 


per fission for [ 


number of fis- 


250 yin itom kg mo 30°, 


itom/kg or 0.07 gm-atom 
ot | a) 


mean it pressure 


if the ga were free to 
whole 
ips the most com: 


that the gas 1s tr 


VOUT 

non textbook 
ipped in void 
intergranular lelects exerting 


ng out But this ew 


quit a high pre ure and slow! 
must be 
riment was mace 
ealing up argo! 
dered zirco 
ignificant 


rini mound 


Zirconium t vas released 
hundreds of 
centigrade We are 


experiment to 


he iting to some 
going ol! 
measure the 
of fission-product gases in a 
dense 


led with uranium oxide 


| be surprising if it is large 


Corrosion Effects 
he 1 


tors with solid fuel elements 


ulvantage of retaining fission 
and most of the radioactivity 


undisturbed However 


Canada’s Target for 
Nuclear-Power Costs 


One can conveniently divide power- 
generating costs into two parts, capital 
and fuel. With the fueling costs we 
may include operation and charges on 
capital investment in fuel inventory. In 
a typical case the of generated 
power from a coal-fired station may be 
2.5 milis/kwh from capital charges and 
3.5 milis/kwh from coal 
and operation. If the station operates 
for 7,000 hr/yr the capital charge is 
$17.5/kw of electrical installed capacity 
per year, and if the rate 
depreciation, insurance, and other 
charges is 10%, this allows $175/kw 
capital investment. Coal yielding 13,000 
Btu/tb, costing $7/ton, and used at an 
over-all 30% efficiency costs 3 mills/ kwh, 
leaving 0.5 milis/kwh for operating 
Here is a target for nuclear 
power costs. 


cost 


consumption 


for interest, 


costs. 
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Nuclear Power—1947, 1951, 1956 


eit seems that it will be at least a few decades before atomic 
power in Canada competes economically with water or hydro- 
electric power. ... The reason why nuclear energy does not 
compete economically with hydraulic energy is because it is 
necessary to do a lot of chemical processing of the nuclear 
fuel.—From “Atomic Energy Research in Canada,” broadcast 
by W. B. Lewis on the CBC Trans-Canada Network (1947) 


e Three achievements or near achievements of recent months 
seem to bring atomic power in a limited form into possible eco- 
nomic competition with coal as applied to large steam-driven 
electrical generating plants. (1) It has been possible in the 
NRX reactor at Chalk River to extract 110,000,000 Btu/ib of 


sign of the NRU reactor, means have been envisaged for run- 
ning a physically small reactor continuously at high output. 
This makes it possible to envisage a simplified reactor design 

. likely to cost, perhaps, only $20,000,000 for the reactor 
itself... . (3) It now appears practicable to operate a heavy- 
water system in the high levels of irradiation involved, at 550° F 
and 1,500 tb/in.’ using a stainiess-steel-lined pressure vessel, and 
if it is not possible to get aluminum to stand up to this tem- 
perature in a water system, it seems that zirconium can be used 
for sheathing the uranium and for other internal minor struc- 
tures.—From W. B. Lewis “An Atomic Power Proposal,” 
Atomic Energy of Canada, Ltd., Report 186 (1951) 


uranium metal... 


Sar to be prepared to meet 
conditions, and in high-tem- 

ire water-cooled reactors prob- 
center around the detection of 
yn effects and limitation of their 
We have studied two types of 
metal and oxide. The oxide is at 
nt favored. Not only is it chemi- 
table in water over a wide range 

f temperature, but when it is exposed 
ct to water, a measurable but 
limited amount of fission-product gases 
Many experiments have been 

NRX on the breakup of fuel 

with the release of fission- 

ictivity and the cleanup to 
monitoring conditions to a 

level jut, much more re- 
Fortunately it is 
NRX to arrange for such 
itions under 


pe done 


conditions closely 
representing those ol possible power 


eactor 


Nuclear Requirements 


[These experiments of a practical 
ring nature form an essentia 

the reactor development pro- 

ut it must not be forgotten that 

the permissible range of construction is 
ert limited by nuclear require- 

If the reactor is too small, neu- 
If it is 


vessel to contain it 


uwze will be excessive. 
ressure 
be feasible. There is a limit 
perature gradient permissible 
mass of steel. 
high-temperature heavy-water 
e have two possibilities. It 
ade as large as the pressure 
permit, or it may rely on 


re e tubes 


that pass through the 
eactor to contain the hot coolant 
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without any reprocessing. 
at the present prices of uranium metal and coal or oil, uranium 
is three or four times cheaper as a fuel... . 
seems likely to remain firmly with uranium. . . . 


This means that 


The advantage 
(2) In the de- 


The latter offers the 


lower effective neutron temperature by 


alivantage of a 


keeping the main bulk of the heavy- 


water moderator cool 


Position of Bred Fuel 

Reviewing the program discussed so 
far, it may be noted that setting a tar- 
get of a contribution from fueling to 
the cost of power less than 1 mill/kwh 
leads at once to considering individual 

3,000 
This implies that 


irradiations yielding thermal] 
Mwad/ton or more. 
starting with natural uranium, a signifi- 
cant fraction of the power arises from 
the fission of plutonium. Provided 
good neutron economy is maintained, 
the power output from the uranium 
will remain substantially constant for 
such long irradiations 

The reason for terminating the irradi- 
ation will be either loss of reactivity or 
breakup. If it 


breakup, the fuel has to be reprocessed 


physical is physical 
and it matters little in what position in 
the reactor the plutonium is produced 
However, if the limit is set by loss of 
reactivity, the cause must be estab 
lished. Improvement must be sought 
either by producing plutonium where 
it is needed or by rearranging the fuel 
This leads to another program of ex 
periments on lattices and the distribu- 
tion of fuels and brings us back to 


ZEEP 


Lattices and Blankets 
No lattice ex 


been made for uranium and plutonium 


periments have so far 


fuels combined Only relatively sim- 
ple forms have been fu analyzed 


To save the cost of the reactor by re- 


ducing the over-all size, we studied the 


e Not a word of that [1951 
today.—W. B. Lewis, meeting of the American Nuclear Soci 
ety, Chicago, UL., June 6-8 (1956) 


statement! need be changed 


use of a blanket of depleted uranium 
in the outer regions and a concentration 
of fissile material towards the center 
This might allow a smaller diameter 
The saving in a heavy-water-moderated 
small Non 


uniformity of heat output makes it less 


reactor appears to be 
attractive. Further studies are being 
made on slightly nonuniform lattices to 
achieve the opposite effect—uniform 


power distribution 


ZEEP Experiments 


The experiments made so far in 
ZEEP have been concerned with aim 
ple lattices and the validity of caleula 
tions of transitions between lattices of 
differing pitch, differing fuel elements 
or both together. Experimental deter- 
minations of temperature coefficients 
of reactivity also have been made 
Much remains to be done on bunched 
fuel elements of uranium oxide de- 
convenience 


signed for mechanical 


These must also include plutonium. 


Calculations 


These experiments are lengthy and 
may be supported with advantage by 
We have at Chalk River 
an analogue computer with a capacity 
of 20 lattice points 


tween experimental results and calcula 


calculations. 
Discrepancies be 


tions based on nuclear data warn us 
that these calculations are not suffi 


ciently precise. They are nevertheless 


veluable for limited extrapolations 


from ZEEP measurements 
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FORMING OPERATIONS on mid-body section. Electric furnace is at left; press at right with dome and 

half and quarter sections of mid-body (cones are formed in smaller pre Heating and forming cycle 
WAT CORE VESSEL, showing fabrication comp n air to shape cones, mid-body sections, and dome ir »: heating piece to 1,200-—1,225°F in furnace 
nents. Forgings are machined from solid forming piece in partial dies until plate dropped to 75 recycling, reheating partially formed plate 
drical pieces; plate sections ¢ ormed and to 1,200°F and holding at temperature 20 min, using full dies for final forming, and holding piece ir 
welded together dies under pressure until plate is below 100°F 


Fabricating the 
HRT Core 


Development of practical means for assuring localized gas control 
made it possible to weld the Zircaloy-2 core vessel for ORNL's 
Homogeneous Reactor Test. Prior to this, Zr had been welded only 
in dry boxes and only as thin pieces that did not need filler metal 


AFTER FINAL SHAPING operat 
halves, they are welded together 
of later assembly joint 
1,200°F and held for 2( 
forming and welding 
formed under pressure in f 
(cone is stuck to upper a 
cools under 100°F. Same tr 
90-deg cone 


ALL EDGES ARE MACHINED for a ate up WELDING SHIELDS 


w w 


hown here 


eaned with ace 
> tacked together j 
nsert (ma ed ’ Zi ne juring weldir 
Corp.) by using @ heliarc hand w copper bar 
/ weld area. backup sneicir 


Reig ef ang 4 ining ga 
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By W. R. GALL 


j j o JA 


Vationa 


Labo atlory 


() ij enne ee 


ECHNIQUES had to be worked 


ng, forming, forging, weld- 
ind inspecting the 
the HRT 


15 Sept 55 p 


vessel 
1s 

were tested satisfactorily 
operations before being used 
sel. Zirealoy-2 is hafnium- 
about 1.5 

0.07-0.14% 


than 


im containing 
0.17% Fe, 
Ni, and 


Sn, 0.1 


105 less 


0.07 & 


() (Mu \ 


Crucible of America 
plate and forgings from in- 
lied through AEC 
pbuilding and Drydock Co. 
the AEC 


with 


Steel Co pro- 
the 
Newport 
for 


core vessel 


velopment contract 
ind Carbon 


f ORNL 
led sponge Zr (produced by the 


Chemicals Co., 


Drocess 


and alloying ele- 


were double-melted in a con- 
e-electrode are-melting furnace 
Cast 


first melt served as con 


ert gas or vacuum, in- 


the 
electrodes for the second melt 
gots were machined or ground 


defec ts: inter nal 


surlace 
is checked ultrasonically 
e used mill practices devel- 
We Atomic 


lifications permitted more 


tinghouse Powe! 


— 


jngsten electrode 
re springloaded 
moved during 
e by two operators; one 
nto weld puddle 
artz-giass window of 
positioning of elec 
urrent contactor; 
tage and welding 

for moving work 
3/32-in. wire; fina 
pass is welded with 

| mpieted, end tat 
removed 

anded smooth 


wire 


we 
weld reinforcement is 


rfarec are 
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working in the alpha and elimi- 


cold 


vields were 90-95 * 


range 


nated finishing of plate Ingot 


Since welding problems seemed difh- 


cult to solve, the number of welds was 
kept low 


for 


Spinning appeared desirable 
the sy but 


pheneal portion 
difficulties in producing large plates and 


forming 
in evolving spinning techniques made 
hot pressing more appropriate to meet 
specifications on schedule, Directional 
properties ol the material necessitated 
considerable reshaping of subassemblies 
before final welding If time had per- 


mitted development, spinning might 
have been the better method. 

To minimize welds, machined forg- 
ings were used for pipe and transition 
pieces. But experience now indicates 


the practicality of welding plate—and 
scrap losses would be cut 

Weld porosity was a problem during 
Higher 


nozzle 


welding tests energy input, 


improved design, and use of 


helium (instead of argon) as shielding 


gas produced welds of minimum 
porosity 

A standard 
sten are fitted with a rudimentary trail 
ing shield 


consumable ele etrocde 


is-shielded tung 


inert-¢ 


was used for welding \ 


might 


prot CSS 


give better joints if time were available 


to solve the problem of porosity caused 


by rapid cooling and if acceptable thin 


wire could be produced 
did 


Time and facilities not permit 


A LOOK DOWN 
fuser 
HRT 
producing and 
itate use of 
holes on | 


reamed to | : elds are 


screer 
fuel flow 
hed with 
Hendrick Mfg. Co. and 
made with hand 
After 
checked and 
A hdr ysta tect 
nembrane stress is 
fiset is 44,000 
ear 
nserted 


rch using sing 


core 
fabrication, ou 
audigage measur 

made at //5 p 
20,000 p yieig 
ps After further 
and radiography test r P tana 
nside pressure ve 


; 
r 


necks, and 


JOINING transition piece to outlet cylinder 


vacuum fusion analysis of all test welds 


to determine gas pickup 


coloration 


Thus, 


The 


assistance 


Wis 


of LF 


Daly of Newport 


Drydock 


Ville 


Co 


Fuel < 


Blonket « 


youn 


t 


Core se@sse! 


(32in 
Zircoloy 


.¢, 
2 


Sigin thick) 


Dif fuser 


and 
of ORNI 


E xpansion 


ARRANGEMENT 
of HRT. Design pres 
2,000 
at ambient temperature { 


sure 


, ’ 


permit f 


tor 
tank 


ve 


vesse 


J 


wid W0)-o 
old W0-p 


{¢ 


surface dis 


inadequate gage 


hardness readings were used 


> > 

Bledsoe and F. \ 
News Shipbuilding 
(dG. EB. Rider and E. ¢ 
grates y acknowledged 


and 


Core occess 
* fuel pressurizer 


> Blanket 
pressurizer 


Blast shield 
(74-m . 4. 304 stones 
tee! qin thick) 


poling Cols 
Pressure vessel 


(60-m 6 547 stomiess 
steel ciod, 44 in. thick) 


re and 
yre for 


ne ‘ 
v 


fluctuat 


experimental ¢ 


Jetermining 


; 


oment 
v e 


4 
adequacy 


oerformance 


fye 


nf 


"| 


sid 








it 


Sur To onolyticat 
at fe some 




















_ Heating or cooling 
section 


~ Flow restriction 








Magnetic » 
flowmeter 


EM pump 


From analytical! 
sompler 


——< On «to SOlb 
53 sodium system 


Bellow seo! valve 





Cooling air 














Fk Perforated plate 
H Bellow seo! vaive 


+*~From 30 lb 
sodium system 








FIG. 1. Test loop (top) contained 30 Ib 
of sodium. Perforated plate contain- 
ing twenty-one 0.050-in.-diameter holes 
was downstream of cooler. Loops 
operated at 1.0 gal/min sodium, 
1,000” F, with temperature differences 
up to 250° F. First batch-system plug 
indicator (bottom) was closed loop of 
\4-in. piping. Flow restriction was 
L¢-in.-thick plate containing eight 0.050- 
in.-diameter holes 


FIG. 2. Solubility of oxygen as oxides 


Inexpensive Way to 
Control Oxygen in Sodium 
Heat-Transter Systems 


Sodium oxides in sodium fluid accelerate metal corrosion 


and plug systems in cold regions. 


Rugged, reliable devices 


have been developed to measure 3-300 ppm O: in Na and 
NaK (200-700° F) and to reduce O: to less than 10 ppm 


By |. L. GRAY, R. L. NEAL, IN SODIUM SYSTEMS 


and B. G. VOORHEES 


metal heat-transfer 


Atomic Power Equipn ent Department 
General. Electric Company 
Schenectady, New Y or! 


contributes to system plugging 
equipment described here 


measuring and removing oxy 


media in nucieal In 
power generation, oxygen 
some impurity. It : 


corrosion of metals (1 


2s liquid » preclude formation of oxide plugs 
heat-transfer systems, (Fig. 1) a 


i trouble nsequence ol oxides is the formation 


celerats odium i lugs | old regions (6) with 


nd, as oxi res ng loss of flow and excessive 
* peratures 

spable of Che solubility of oxygen (present 

gen to the odium oxides) in sodium is shown in 


) 


ow concentrations (10 ppm) necessa: 2 The analytical method used 
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on the extraction of sodium 
ury and the relative insolu- 
f the inert sodium oxides in the 


} 


Oxide-Content Determination 
The plugging tendency of sodium 
odium systems was first dem- 
ted in test loops similar to that 
hig. | 


er the temperature at the flow 


A loss in flow occurred 


ction was cycled below the oxide- 


on temperature of the loop 
oxide precipitated and plugged 

forated plate 

mpling device was evolved in 
he mercury-extraction process 

The need 

im sampling without oxygen 


nation motivated the develop- 


rmed on the spot (7). 


the plugging indicator. Two 

igns received greatest attention: the 

pe 1, or batch system, and the type 2 
i ystem 

Batch design. The first plugging 

dicator to be tested was of the batch 

Fig. 1 

it to the parent system (also 

Fig. 1 


ilation obtained to insure a 


Isolating valves con- 
could be opened and 


ntative sample 
nner circulation, the sodium 
re was maintained ~50° F 
he ituration temperature to 
leposition of oxide and thereby 
esentative samples. The plug- 
itor was then isolated from 


vstem and the sodium flow 


rate adjusted to 0.5 gal/min. The au 


cooler and heater maintained the 
sodium temperature in the region of 
the plugging plate 10° F below the rest 
loop. The 


temperature of the entire plugging indi- 


of the plugging-indicator 


cator system then was lowered while 
maintaining constant A7’ and pump 
power input. The cooling rate was 
controlled at 0.1-5° F/min 

Upon reaching the sodium-saturation 
temperature at the cold zone, sodium 
oxides precipitated and accumulated at 
the perforated plate For constant 
pump input and constant developed 
head the oxide deposit caused a flow 
de rease The 
the flow 


shown to be the 


temperature at which 
decrease first occurred was 
oxygen-saturation 
temperature of the sodium, Cooling 
was continued after the initial flow de 
crease until values of about one-half 
the initial flow This 


insured that the initial flow decrease 


were obtained 


was due to oxide plugging rather than 
to fluctuations in line voltage. The 
oxide deposit then was redissolved by 
heating the sodium to above the satu- 
About 10-15 min 


initial flow. 


ration temperature 


were required to regain 


Typical plugging runs are shown in 
Fig. 3 

Bypass design. The first model of 
a bypass or type 2 plugging indicator 
to be tested used a regenerative heat 


exchanger, or economizer, as shown in 


Fig. 4 


The sodium oxygen content was ad 






































FIG. 4 


9 in. long 
0.050-in.-diameter holes. 
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Cold trap regen 
heal exchanger 














-in. diameter 


0.020-in. wall, 8'4-in. long, encased in 
Air cooler was nine turns of |-in. tubing coiled on 6-in. diameter. 





300. 350 400 4850 800 856 
Temperature at Perforated Pilate (°F) 


FIG. 3. Typical runs with type | batch- 
design plugging indicator 


justed prior to plugging runs by trap 
ping the system The oxygen content 
was then determined by chemical analy- 
sis using the sampling device (7). 
Prior to the plugging run the system 


temperature was held ~50° F above 


the saturation temperature and a by 
PASS flow rate of O.S-1.5 gal/min was 
established through the plugging indi 
cator, Insulation then was removed 
from the cooling coil upstream of the 
perforated plate and forced ai cooled 
coils at 1-20° F/min, 
After flow had decreased to about half 


the initial value, cooling was discontin- 


the exposed 


ued and sodium temperatures and flow 
returned to their initial values. Typi 
cal plugging runs are shown in Fig, 5 

Over 300 determinations were made 
with this indicator with 0.0006-0.024 
wt ilent to 250 
650° F oxygen-saturation temperature) 


better than +0.001 


oxygen equiy 


The precision wa 


” niet 
¥/, pipe(sch 40) 


Vp 04.~0.020 
woll tubing 


” 
| 
l 


Pertorated plate 
Vy thick-16-0.050" 
dia holes - 





1" 0.4, tubing 
cooling coil 


- — 6" dia ---4 


For bypass-plugging-indicator tests, parent system (left) contained about 450 Ib of sodium and bypass system (right) about 
3 lb. Regenerative heat exchanger was single tube, 


,-in.-diameter shell 


Perforated plate was '\-in, thick having sixteen 
Thermocouples were located at economizer inlet, cooling-coil inlet, perforated plate, and economizer outlet 
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4 SE 
600 


‘pi ‘ V4" pipe(sch 40) 
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} 


250 °«€©~=—=C«WS 350 
Temperoture ot Perforated Pluta ("F) 


FIG. 5. Typical runs with type 2 
bypass plugging indicator 
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© 104 min residence 
4 5.2 min residence 
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Nee performance 
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FIG. 6. Results of batch-system cold 
trap tests. Before each run, 
saturation temperature was 
to 475 + 10° F; 300° F 


temperature 


oxide 
adjusted 
cold-trap 


wt% oxygen Avreement 

analytical sampling device 

+ 0.001 wt% oxygen 
Precision was shown | 

consecutive plugging run 

maintai 


84-hr period, whil 


stant oxygen content nm the 


system, Samples were taken in 
sampling device at the end of 84 hr « 
culation and analyzed 0.0045 
oxygen (equivalent to 430° | 
twenty-one plugging te: 
115-430° I 
The utility of the plu 


in following transient o» 


and average 


was demonstrated by f 
in system oxygen conten 
monoxicl Ihe 
O.OLO 


sodium 
content wus 
sodium was circulated at ¢ 
alent saturation 0.0) 
the end of 27 hr cireulatic 
cal device showed at 
OOO wt% fesult 

1 Table | 

NoK test system 
ging-indicator perforn 
gen concentration 
studied The test 
ly Ib of sodiut 


(56 wt% potassium 


about 2 


with a cold trap for var 
content, an electromagne 
a magnetic flowmeter 
The precision ol thi I 
tor has been determined 


of the 
36 


Nak-saturation temperature 


Che data obtained thus far is presented 
Table 2 together with similar data 
obtained for the Mark A 


, which wa 


plugging indi 
cator prototype ested in a 
30-lb sodium system 

Conclusion. The plugging indicator 
suitable for the 


of the oxygen concentration of liquid 


precise determination 
odium and sodium-potassium systems 


It is rugged, reliable, easy to operate 


in be incorporated in an all-welded 
| 


stem, and does not require remova 
external handling of sodium samples 
he latter is particularly useful for 
radioactive sodium 


Oxide Removal 
Gettering and distillation were re 
ected for oxygen removal because of 
omplexity and problems in application 
Sodium monoxide and other insoluble 
impurities can be removed by filtration 


The equipme nt used for cooling the 
odium below its oxide-saturation tem 
promoting crystallization 


called a 


perature 
ind retaining the oxide i 
odium cold trap 
Wire-mesh filters. Although porous 
ntered stainless-steel filters were un 
iccessful because of plugging 
re-mesh packing wa iediately 
iccessful 
It is believed that oxide retention i 
stal growth on the wire mesh 
rather than 


In such a system, the opportunity for 


due to ery 
mechanical filter action 
rystal growth is excellent The de 
ign problem was to determine the 
residence time needed for sodium-cd 
posited oxide equilibrium 

Che test cold trap consisted of as 
egenerative heat 

ide-retention tank The 


Sah air cooler The re 


exe h Lie 
latter also 
‘yene! 


changer was 0 COUDIe-pi pe 





TABLE | 
Indicator 


Rising O, Content Shown By 





onstruction the inner tube being 
in.-o.d. * 0.020-in. wall and the 


about 


outer tube %4-in IPS pipe both 
9in. long. The retention tank was an 
18-in. length of 4-in. IPS pipe, the low 
15 in. packed with fine stainless 
wool Insulation was remove 
this tank and an electri 

oling 

Batch-system tests. The cold 
was mounted on a test loop similar to 
that shown in Fig. 2. The residence 
time was varied by rying the cold 
trap flow rates 

The results are shown in Fig. 6 
omparison purposes the duration of 
the run is expressed in terms of system 
turnovers, i.e., the total flow of sodium 
through the cold trap \ 


performance curve, based on 100% 


predicted 


cold-trap efficiency included for 

comparison At a residence time of 

2.6 min, the efficiency of oxide removal! 

was poor but for the residence 

* the removals 

predicted performance wa 

rom material balances on 

op At the flow rates used for 

tests, the assumption of instan 
and complete mixing of the 
p effluent with the stem 
was not justified At 0.2 gal 

there was mi { flow 

igh the rel 


tagnant volume 


dium in the surge tank. The 
imation was made that no mix 
irred in the surge tank until the 
ng level had displaced the vo 
thin }¢ in. of the ¢ 
m the bottom 


ed that pertect mix 


xit line (6 in 
Thereafter, it 

ing took place 
discharge content equal to the 
of the surge. Thi 
at the start 


content 


i discontinuity 


Regenerative 
heat exchanger 


Na iniet ( shell side 


a Na outlet 
(tube side) 


Tyubulor 


Cool 
boffie 


nag - 
outiet 


| 
nN 
es 


‘ 
- 
; 
; 
; 


~ Knitted 
wire 
packing 


4 , 
RRER UE LETLS 


ooling 
cous 


; 
; 
} 
; 
; 
; 
; 
, 


Cooling 
water 
miet 


» os +s 


FIG. 7. Mark B cold trap (above) 
installed in system having 600-gal Na 
storage tank, electromagnetic pump, 
and type 2 plugging indicator 
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a 
*-300°F cold trap 
*x-310°F cold trap 
> 295°F cold trap 


~~ * , 


System Oxygen Saturation 
Temperoture(*F) 


$ 


> O68 4 24 OF ao 
Number of System Turnovers (3870 ib 
Sovium Charge) 


FIG. 8. Mark B cold trap operated 
satisfactorily over 300-620° F satura- 
tion temperatures. Curves show satu- 
ration temperature decreased to within 
20° F of cold-trap minimum temperature 
in less than two system turnovers inde- 
pendently of initial system saturation 
temperature 


eriod but almost none at the 
an be shown that 


cold 


ontent ol 


trap time hr), y 


system (mixed) at 
lb O./lb sodium), yo initial 
system (lb O./lb 
gen content of cold 


lb O 


ontent ol 
lb sodium), UW 
system (Ib), W, 
tank (lb), W, t 


ddium between surge and cold trap 


trap effluent 
total odium in 


miiur n surge 


: sodium between cold trap 
lb), Wy 
lb), W, 


and u 


sodium in bottom 
sodium in top of 
cold-trap flow rate 


8.6 lb, W, 
WF ciel 1.9 lb 


or the test loop W, 
9.3 Ib 


Equation | becomes 


2.06 (y 


Wit 


rye 
pace 


Bypass-system 


the cold trap containing no wire 
oxide removal was poor. 

tests. The 

a cold trap packed with 


oxide 
capac t ot 
stainle steel wool was investigated in 


the 450-lb system shown in 


1 
ie cold trap employed a 12-in.- 
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TABLE 2—Reproducibility of Two Plugging Indicators 


Vark A testa 


Oxygen li 


Cold trap equ dia 
lemp F wt standard deviation 


OO0S 

OOS 20° F, 
OO1L6 

0026 5° } 
0042 8° F, 
0055 15 F, 
OO69 


O.0466-10n.- 


1 ppm 


| ppm 
} ppm 


Vak testa 
, OOUSI-ain 
holes . dia hole Ss), 


standard deviation 


oF, O 2 ppm (9 runs 
Il runs 
ow. 2 ppm (0 runs 


7 runs 


21 runs) 


S ppm (39 runs 


Vv runs 


i’ F, 2.5 ppm 





and 36-in.-long oxide-reten- 


1.25 gal 


diameter 
tank 
flow rate of 


tion residence time at a 


min was 12 min. 
Insulation was removed from this tank, 
and forced-air cooling gave a tempera- 
ture drop of ~50° F from inlet to out- 
let. The 8) 
~650° F and the cold-trap outlet tem 


perature at ~325° | 


stem was maintained at 
using @ regener 
ative exchanger in series with the oxide- 
retention tank 


added 
120-gm 


to the 


incre- 


Sodium peroxide was 


system sump tank in 
ments, increasing the system saturation 
temperature to approximately 600° F 
(0.016 wt% O After 


each addition cold 


in each Cisse 


the system was 
12-24 hr. 


ol oxygen occurred 


trapped at 325° I for 
Considerable lo 
during peroxide addition, probably in 
the phase \ 
additions gave an a 
63% oxygen 
100% recover 
During the latter part of the capacity 
test, 1-lb NaO 
added. A total of 9,510 gm of peroxide 


and 7,750 gi of monoxice 


gaseous series of 11 


verauge recovery of 


Sodium monoxide gave 


increment ol were 
was added 
The final 
trap 


during the l-yr test period 
Na,O content of the cold 


34.9% by weight The 


was 
oxide capacity 
probably is appreciably greater than 
this 


served in pre 


value since no increase was ob 
sure drop across the cold 
trap 

SIR cold traps. 
the previously 
uite 


test 


The data obtained 
tests, 


several 


from described 


augmented by r from 


other engineering units not dis 


here 


Mark A 


cussed 
SIR 
units. 
The Mark A unit consisted of a re- 
generative heat exchanger and oxide- 
The tank, 2 ft 4 in. in 


were used to design the 
Mark B cold-trap 


and 


retention tank 


diameter, was packed with York stain 
less-stee! 
jacketed with a 2 ft-S in.-diameter ves- 
The jacket contained Nak as a 
third fluid 
cooling coils circulating Dowtherm A 


knitted-wire packing and 
sel, 
heat-transfer medium and 
Type 2 plugging indicator followed the 
oxygen-saturation temperature 

The Mark A prototype, which con- 
tained 89 gal of sodium and 12 gal Nak 
as the third fluid, was installed in a 
1,000-lb sodium the teat 
runs, the inlet sodium temperature to 
550-700° F. 
The minimum sodium temperature in 
the trap tank was 300-375° F (0.001 
0.0025 wt% O») 

After three system turnovers 


system In 


the heat exchanger was 


with an 
oxide-retention-tank residence time of 
5-8 flow 13.7 


gal/min), essentially complete removal 


min (sodium rate 8.6 
of Na,O in excess of trap tank minimum 
temperature was obtained 


The Mark B 


shown in Figs 


trap and results are 


and & 


The authora wish to acknowledge the 
tributiona of A. A. Abbatiello, P. A. Ciervo, 
P. J. Tiberio, and the 
ticipated in thia program 
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How Strong Must 
Reactor Housings 
Be To Contain 

Na-Air Reactions? 





Experiments and calculations point to 40 psig as 
highest pressure to expect for closed-system sodium- 
air reactions—regardless of amount of sodium or size 
of reactor housing. Maximum gas-phase tempera- 
ture would be about 1,000° C 


By EDWARD HINES, ANDREW GEMANT, and J. K. KELLEY 
Engineering Laboratory and Research De part nt 
The Detroit Edison ¢ ompany 


Detroit, Michigan 


FIG. 1. Sodium-air reaction vessel 
(left). Sodium heater and sprayer 
(right) are at bottom of vessel 


Tae nousinG for a fast breeder ' , reducing the oxygen content of the au dium Was spraved The pressures 
(1) must have sufficient strength to cor hese data were desired to weigh the leveloped as the result of the sodium 
tain any sodium-air reaction ¢ ad by economic advantage of reducing the ilr reaction were measured. 
aecidental discharge of sodium above maximum design pressure against the Equipment. The reaction vessel 
the operating floor The m nut disadvantage of working in air of re hig. 1) was made from a 49-in. length 
pressure for which the shell woul ave duced oxygen content he data show of 30-in.-o.d. mild steel pipe of 4-in 
to be designed is determined b xpel that decreasing the oxygen content wall thickness and was closed at both 
mental and mathematical u of actually has little effect on the maxi ends with l-in. plate reinforced with 
the pressures develope it he reacts mum pressure at oxygen concentrations ingie iro! 
in closed systems high enough to sustain life The auxiliary equipment, for heating 
In addition to investigations ind spraying the sodium, was made of 
with air of normal oxygen « Experimental Studies chrome-molybdenum steel. The noz 
periments were conducted t rmine The experimental study was carried le, connected by a flange fitting, pro 
the effect on the pressures developed of out in a steel vessel into which molten ected through a 3-in.-diameter hole in 
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Time 
Mazimum to reach Oy remaining after ignition (% |! 
Initial O pressure mazximun 
Erpt content attained pressure »-10* I 10-16 15-2 ! 
by volume patg eC Né ¢ 


38 
10.5 34 
26 
~ 


ipsed between entrance of 


sodium into 


vessel and sampling of gas 













the bottom of the reaction chamber to 
1 height 2 in. above the bottom plate 


stainless-steel oil- 


The nozzle was a 

burner nozzle having a 60-deg spray 
angle and a capacity of 13 gal/min 
based on No, 2 fuel oil at 20° C. 

To reduce heat transfer from the 
auxiliary equipment to the reaction 
t ‘ 

1. Insulation was placed in the air 
space between the auxiliary equipment 
ind the reaction vessel 


2. Metal-to-metal contact between 


the auxiliary equipment and the reac- 
tion vessel! at the flange fitting was pre- 
enté i packing gland containing 


ind local overheating of 


the im spray by the nozzle heater 

the ixillary equipment was pre 

ents I covering the nozzle and 
heats th a stainless-steel cone 

‘ressure changes in the reaction ves 

‘ ‘ letected by two pressure trans 

ducers, one mounted in the center of 


the top plate and one in the wall of the 


VeSSt lway between the top and bot- 
ton The transducer diaphragms were 
tected from direct spray from the 


nozzle by 1-in.-wide strips of bar stock 
mounted on the vessel walls 1 in. away 


Pressure 


diaphragms 


hanges were recorded on a direct-read- 
ng os graph. Maximum pressures 
e ed were checked by visual obser- 
ations of a Bourdon-type pressure 
gage inted on the top of the reaction 
esse 


Procedure. The apparatus for heat- 


ing and spraying the sodium was purged 
wit nitrogen (less than 0.0025% 
| veight water), filled with a 1-lb 
block of sodium, and attached to the 
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reaction vessel. The sodium was then 
heated to 850° F, 


the nozzle into the reaction vessel by 


and driven through 
nitrogen at 360 psig. Twenty seconds 
were required to drive all of the sodium 
vessel 


into the reactor The nitrogen 


was shut off when a sudden drop in 
gage pressure on the 4,-in.-i.d. copper 
tubing, used to transmit the nitrogen, 
indicated that the last of the sodium 
had 


The amount of nitrogen that escaped 


entered the reaction chamber, 


into the reaction vessel was limited to 
the amount in the auxiliary equipment 
that expanded from 360 psig to equi 
librium condition 

Pressure and temperature changes 
were recorded throughout the experi 
ments and gas samples were taken by a 
probe from the center of the reaction 
vessel at 10-sec 


intervals from the time 


the sodium entered the reaction vessel 


until all action had subsided. After 
each experiment, the gas samples were 
collected in evacuated gas bottles and 
inalyzed for oxygen content 


Results. Table | shows the results 
of the four most significant tests Fig 
ure 2 shows the changes of pressure with 


time: Fig. 3, the effect on maximum 


pressure of decreasing oxygen content 
The delay in the 


ment 3 in Fig. 2 wa 


reaction in experi 
probably due to a 
failure of the sodium to ignite readily 


in the oxygen depleted atmosphere 


Ignition probably was attained when 
the nitrogen broke through the sodium 
near the end of the sodium entry into 
break- 


through should have caused an extra- 


the reaction vessel. Such a 
fine dispersion of the metal 
Effect of dispersion 


sodium dispersion is ver 


The degree of 
significant 








with respect to the pressures attained, 


as determined in preliminary experi 
ments that were performed 
Before the spray nozzle was used 


efforts were made to disperse the sodium 
into the vessel by smashing glass am 
poules of the metal against a pin in the 
top of the vessel, by bursting ampoules 
by induction heating, by pouring the 
molten metal onto thin metal pans sus 
vessel, and b 


pended in the pouring 


the molten metal into rotating fan 


blades In most of these experiments 
lack ol dispersion caused incomplets 


combustion. or reactions too slow to 



















Experiment |- 21% oxygen 











Experiment 2-10.5 % oxygen 



















< 
ae 
they 






FIG. 2. 


Pressure variation in reactor vessel 


during period of sodium-air reaction 
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permit significant pressure increas ize and shape of the enclosure—this ontent of Na for a temperature differ- 
The significance of these early experi applies to the experimental! vessels used mntial of 430°C. Thus Q 7.5 R? cal. 
mente lies in the fact that 40 psig cou is well as for a reactor housing During the burning period three 
be attained only when the sodium Assumptions. It is assumed in the yrocesses of importance take place 
dispersed to the degree attained wi calculations that the sodium escapes 1. In a turbulent process the heat of 
the oil-burner nozzle Althoug! nto the enclosure in the form of a ombustion is distributed among (a 


place until 


somewhat higher pressure could cor ra ind burning takes the NaO produced, (b) the excess Na 
ceivably result if an even greater d ill the oxygen isusedup. The burning hat did not burn, and (c) the nitrogen 
gree of dispersion could be attained riod, to, depends on the size of the of the gas phase. The distribution 
is more probable that poorer dispersio: fracture and the pressure in the takes place approximately in the ratio 
would occur in any service failure and pipe, among other factors [ the respective heat capacities. 
consequently, the pressures | Iting Next, it is assumed that the only Che heat capacity, C, of Nz is given 
would be considerably less than 40 psi yroduct is Na, disregarding othe vy volume 4rf?*/3, times density (1.2 
odium oxides that also are formed ym/cm times fraction of N» (0.77) 
Mathematical Studies The amount of sodium oxidized, and mes specific heat of N 


(0.17 cal/gm 
The experimental results were sup thus the total heat developed, Q calo ( L.e., 6.7 K 10-4R* cal/° C. The 
plemented by calculating the maximum ries, then depends on the oxygen heat capacity of Na,O obtained simi- 
pressures that could be expected under available larly, using 0.32 for its specific heat (2 
various conditions. These calculation If the volume of the housing is taken 314 xX 10°4R The heat capacity of 
are of value (a) for checking the experi 1s an equivalent sphere of the same an ess Na, equal to that burned, 
mental data, and (b) for extrapolating olume, with a radius of R em, then’ is by analogous calculations 10.5 
the pressure data beyond the condi the heat developed is given by volume | with the specific heat for 
tions of the experiment i h*/3, times air density (1.2~m/em*), % 0.32 (8 
The pressures developed depend on times fraction of oxygen (0.23), times According to these figures, the frac- 
many partly incidental and uncontrol- molar heat of formation of Na,O (10° tion f of the heat delivered to the 
lable factors. Thus only an approxi cal/mole), divided by 16, the atomic nitrogen is 
mate calculation was attempted. The weight of oxygen. This gives 7.1 R 
following calculations are valid forany cal. To this may be added the heat 


where n excess Na in multiples of 
that burned Only the fraction f of 
the heat generated raises the gas tem 


’ perature. The temperature of the 
; » burning particles and the gas is con- 


sidered equal according to these 


rR te Initial radiation f Initial 
issumptions 


Group (em et lemp () { On , 
yrOuy y 2. While the gas is warmer than the 


imbient and the wall (because of the 

1070 latter’s high thermal conductivity it is 
1,070 close to ambient except where locally 
1.000 } heated by burning particles), heat is 
750 dissipated due to conduction and con- 
vection, both during and after the 

710 burning period. Conduction is appre- 
1,040 ciably 
L070 
1,070 


slower than convection, so that 
under existing conditions only the lat 
ter needs to be considered 
nOO If the gas temperature is 7° C, the 
821) 9 heat dissipated in unit time is kT’ 
840 : lrk*hT', where h transfer coefficient 
840 ; and the ambient is taken as zero. This 
coefficient varies with the fourth root 
920 } of the temperature differential (4); an 
920 


average value of 2 * 10°* cal/see 


Ty " - 
ye) em ( corresponding to 7 250 
was used in the calculation 

3. While the burning particles of Na 


ire suspended in the gas, they lose 


1,200 
900 


670 
energy because of radiation to the 


1.070 walls lhe rate of radiation depends 
1,070 on the temperature differential, the 
700 2! size of the particles, and their emissiv- 


ity The particles were assumed to be 
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Effect on maximum reaction pres- 
of decreasing oxygen content of 
oir mixture 


ol radius rT 


it a rate 
jorr’ea( T* 


Stelan- 


emissivity; ¢ 
constant, i.e., 5.7 
units; 7’ 

K; and 7, 
re, about 300° K 


temperature of 
temperature 

This rate 
loss corresponds to a rate of 


temperature d7'/dt given by 
lor /3)r° pe aT /dt 


density and ¢ specific 


cles equating these rates 
TA T* 


sea / pcr Integrating 


dT /(To4 — T* 


constant is obtained 
i the condition 7 7’; (initial tem- 


0. The final result is 


tegration 


T's 


+ tan”! 
7 


7; 
+ tan™' — (2) 
1 


equation the temperature 
7’) for a given initial tem- 
ind a given radiation time t 
lculated 
jumerical computations the 
was taken as 0.6, that of a 
The particle radius was 
mm As 
which the product at and 


may be seen from 


the ratio r/t occur, the drop in 


} 


iture for larger particles is cor- 


lingly slower, for smaller parti- 
ter The average particle size 
t the burning rate, hence the 
Since the exposed specific 
nversely proportional to r, the 
time 18 in first approximation 
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directly proportional to r. This con- 
clusion has been verified experimentally 
on pulverized coal (4 

From the three processes mentioned, 
the maximum temperature 7’, is now 
derived by way of an approximate cal- 
First, processes 1 and 2 are 

process 3 is 


term 


culation 
introduced 
The heat 
produced in the gas in unit time is 
fQ/to. Part of this, C dT /dt 
T gas temperature ( heats the 


considered ; 
later as a separate 
where 
gas; another part, £7’, is lost by conver 


tion, hence 


(Q/t Cdl 


The solution, with 7 


f()/ kt 


7. 18 obtained from the above by 
writing ty for t, and adding a term 


for radiation lo 


The manner in which 7, is computed 


from Eq. 2 is somewhat arbitrary. In 
the following numerical calculations 7, 
was taken in first approximation as re- 
sulting from an initial 
7’; T.+ T,, and a 
to/2. 

From ron 


is obtained with the gas laws by multi 


temperature 
radiation time 


the Maximum pressure Pp» 


plying the initial pressure 15 « 0.8 
12 psi by the ratio (7',, + 300)/300 
The factor 0.8 is used because only Ny 
is left over. Hence the gage pressure 
in psi is 

Pm 12(1 + 300 15 (4) 


Table 2 


of the 


Discussion of calculations. 


shows numerical results 
calculation 

Group | of the table shows the effect 
of varying excess sodium, measured by 
the factor f (see Eq. | 
sodium increases from zero in the order 
listed. In the 


mum pressure de 


The excess 
same order, the maxi- 
reases 

the effect of the size 


ill other variables being 


Group 2 shows 
of the housing 
The 


For diameters over 


increases to 
i ft there 
in pressure 

the effect of the 


1 Durning party le 


constant 
10 psi 
is no further change 


pressure 


Group 3 presente 
size of housing with 
The pres 


tl mm 


size of 0.5 instead « 


sures are reduce | and AgHiIN & INAXI- 


In (;roup 4 the par 
to 0.1 


mum 1s reached 


ticle radius is further reduced 


mm. In the experiments using a noz- 
zle this average particle size was proba- 
Because of the in 


value 


bly prevalent (6 
creased burning rate, a reduced 
for lo 


Group 5 shows the effect of the burn- 


1 sec, was used 


ing period. As it increases, the maxi- 


mum pressures decrease, as expected, 


Generally, reduction of particle size 
entails a considerable reduction in burn- 
The effect of the latter 


an increase in pre ure 


ing period 
namely might 
then prevail 

Group 6 indicates the effect of a re 
duction of O, content in the housing for 
the same amount of Na: 10% of O, does 
drops sub- 
10% Os 


not affect p,, but at 5% p 
The that 


alles t the 


stantially reason 


does not pressure is a con 


comitant reduction in radiation loss 


Conclusions 
The 


drawn from the results 


following conclusions can be 
1. The order of magnitude of the cal 


culated pressures agrees reasonably 
well with the experimental data, in 
particular for decreasing O, content 


2. The 


pressures obtained depends 


absolute magnitude of the 


on certain 
known variables (size of housing. excess 
sodium, burning period) as well as some 


unknown variables (such as the disper 


‘sion of sodium, 7 


3. With increasing size of the hous 


ing, the pressure approaches a maxi 
mum, independently of the values of 
the other this 


reached at linear dimensions of a few 


variables maximum is 
leet corresponding to the experimental 
vessel, The same pressure would then 
hold for a reactor housing of a diameter 
of about 100 ft 


be seen from hq 3 lor large R, the 


1 his cone lusion may 


exponent becomes small compared with 
unity, the exponential can be expanded 
into a series of which only the first two 


terms are used, and the result becomes 


independent of R 


. * > 


This program waa sponsored by the Atomic 


Power Development Associates, Ine 
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FIG. 1. Design for Air Force Nuclear 
Engineering Test Facility at Wright 
Field has four principal units: reactor 
building (right), high-level radiation 
building (adjoining reactor building) 
waste storage and treatment plant 
(rear, connected to radiation building 
by subterranean shielded tunnel), nu- 
clear engineering laboratory (left). 
Active material is transported through 
tunnel by remotely controlled means 


Reactor Facility to Provide 
Large Volume for 
Irradiation Tests 


Experimental facilities of Air Force reactor will include: fast-neutron irra- 


diation cells, bulk shielding pool, thermal column, beam tubes, and spent- 


fuel gamma irradiation. Extensive hot cells and laboratories are planned 


By PAUL J. SYKES, Jr. 
Wright Air Development Cente Wright- Patt n Air Force Base, Ohio 
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FIG. 2. Reactor building incorporates 
80-ft-diameter, welded-steel, gas-tight 
and explosion-resistant cylindrical shell 
with pressure dome and ellipsoidal bot- 
tom. Shell houses reactor and facilities. 
Two-story structure adjacent to shell 
houses control room and related 
operations. Irradiation assemblies are 
checked out in high-bay area. Mate- 
rials from reactor irradiation cells are 
taken through underground tunnel to 
radiation-building hot cells; shield-plug 
door in tunnel air lock roof provides 
access from high-bay area. Personnel- 
access airlock connects shell to wing at 
grade level. Large gastight door per- 
mits entry of equipment to main floor of 
shell. Separate ventilation is provided 
for high-bay area, control and opera- 
tions area, subpile room, shielded equip- 
ment room, and service tunnel, ©All ex- 
houst air is filtered, monitored, and 
released through 200-ft stack. — (Three 
floor levels are indicated) 





In LATE 1956 the Air Force will begin 


onstruction of a new nuclear 


] 
ae 


Major 
and 
the 


engineer 
Air Re- 
ind Development Command at 
ght Air 
Ohio (see 
wn as the Air Force Nuclear 
ng Test Facility (AF NETF), 
feature a 10-Mw reactor (Figs 
of the LITR-MTR type sup- 

a large multiple hot-cell 

Fig. 4 
handling 
vaste 


velopment 
t installation for 


Development Cente 


Dayton Fig. 1) 


, a remotely-operated 
and transport sys- 


storage and treatment 
ind a nuclear engineering labora- 
The 

ites rather sizable irradiation 
litie to altitude 


ind thermal environmental condition- 


yullding reactor design 


which special 


r are supplied, together with a bulk 


ing 


hielding facility, a thermal column, 


ind conventional beam tubes. 


Purpose of Facility 
Ihe Aly the 
lity to support its aircraft nuclear 


Force is acquiring 


on program. It will enable 


ent 
tandards 


firm service requirements, 


specifications, and per- 
for materials, com- 
ibsystems, systems, and 
to be employed outside the 
reactor shield in nuclear- 
craft. It also will provide 
ering data. 
» be performed will include: 
and testing 


efiect studies 


ilated nuclear service con- 
elopment of materials and 

improved radiation re 
shield 


elding studies; airborne- 


wiiation engineering 


control 
de- 


t of techniques for handling 


trumentation and 


ind systems studies; 


taining radioactivated com- 
equipments of nuclear- 


raft and associated sys- 


lf ior sale disposal of 
ateria production of 
for use in analytical 

cal process studies; radio- 
tic techniques; neutron 
id state 


researt h and 


Force scientific and 


lin the nuclear engi 


Fast-Neutron Capability 
the both 


t-neutron irradiation capability 


reactor for 


In designing 


an fet i problem of optimization 
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arises reactor core 1s 


Although the 
reflected on the nortl 


by graphite and/or beryllium and on 


and south faces 


the top and bottom faces by water, it is 
reflector on the 


east and west sides facing the test cells 


desirable to eliminat 


Elimination of all but necessary coolant 
water at these points permits a tenfold 
current unit 
that 


through effective water reflector layers. 


gain in fast-neutron per 


reactor power over achieved 
Reflector elimination also lowers the 


reactor prompt-neutron generation 
time, and of course offers a potential 
hazard as represented by the excess re 
activity that would be imposed by sud- 
To 


‘cur- 


den accidental flooding of the cell. 
reduce this hazard 
tains,” “black” 
are being incorporated immediately in- 
side the core tank wall before the test 
cells and also on the adjacent fuel ele- 


cadmium 


to thermal neutrons, 


ments. This device not only minimizes 
reactivity changes due to changing re- 
flection and backscattering conditions 
within the test cells, 


thermal-neutron activation of the cell 


but also reduces 


interior and of test assemblies or com- 
This tends 
to reduce subsequent material-handling 


ponents being irradiated. 


problems. 
To the 
value of this approach, special experi 


determine feasibility and 
mental studies were conducted in Sep- 
tember 1955 with the Bulk Shielding 
Reactor at Oak Ridge National Labora 
The yielded 


couraging results,* 


tory. studies very en 


Environmental Conditioning 
Components and systems to be tested 


by the Air Force must ultimately be 


environmental 


subjected to and studied under 
same combination of 
conditions (pressure, temperature, hu 
midity, vibration and nuclear radiation 
that the 
flight of vehicles 
This requirement is important because 


will be encountered during 


nuclear powered 


of the peculiar interrelations and inter 

actions between the effects of nuclear 
radiation and effects arising from other 
environmental factors 

The approach adopted to achieve de 

sired test conditions is to enclose the 
entire test item and its instrumentation 
within a pressure-vessel package or 
capsule, and to install the entire assem 


Ex 


pressure 


bly within the irradiation cell 
tremes ol and 
altitude to be 

65° F to over 300° Ff 
level to 100,000-ft equivalents 


most test systems are to be operated 


temperature 


achieved range from 
and from sea 


Since 


while being irradiated in the test cells 
provisions are being made to supply to 
the test capsule assembly both liquid 
and gaseous coolants, electrical power, 
hydraulic lines, pressure-temperature 
humidity control lines and circuits, and 
instrumentation leads as required 
Extremely low pressure conditions 
impose serious limitations with respect 
to cooling. For example, if 25 kw of 
radiation heating plus 6 kw of heat due 
to test equipment operation is to be 
removed at a 65,000-ft pressure altitude 
by air entering at —65° F and leaving 
at a considerably higher temperature 
27,000 ft®/min of air is required, The 


refrigeration equipment and capacity 


* J. R. Bohannon, Jr., to 
NUCLEONICS 


he published in 





Reactor Experimental Facilities 


2 large-volume, fast-neutron irradiation 
test cells 


Bulk shielding I 
Thermal column 


permanent beam tubes 


9 
2 removable beam tube 


Additional beam tube 


Fast pneumatic tube 


Gamma irradiation facilit 


Kast and westside 5 ft 
of core 


South face 


North face 


Location 


wide, 6 {t 8 in 
high, 10 ft long 

24 {t wide, 27 
49 ft deep 
15% 4.5 * 6.0 ft 
long 

6 in. id 


ft long, 


North face 


North face 
North and south 


faces and top floor 


North face 


Spent fuel storage 


well 








Top plug 


ee = 
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FIG. 3. Reactor core contains MTR-type fuel elements, normally in 5 * 7 array on 5  9-position grid. Reflector elements replace- 
able by fuel elements permit expanding lattice in north-south direction; rows between irradiation cells are fixed at five. Elements 
with several fuel plates removed accommodate 4 shim-safety rods on midplane between irradiation cells; rods are actuated by lead 
screws penetrating core tank from below. Tank is 6 ft in diameter, 40 ft high; diameter reduces at core level where sides facing 
irradiation cells are flat to maximize flux into cells, Reactor control-rod drives are in subpile room. Irradiation cells, 5 * 10 * 6 
ft 8 in. high, extend east and west of core. Spent-fuel-element storage pool also serves as gammoa-irradiation facility. Thermal 
column and four 6-in.-i.d. beam tubes in north face are separated from cell and tunnel area by 3-ft-thick high-density concrete wall 
equipped with viewing windows and remote manipulators for handling test assemblies. 20-ton bridge crane with 5-ton auxiliary 
hook is near top of steel shell, high enough to handle massive shield experiments in bulk shielding pool and fuel elements 


become very large, and the coolant air and technical staff offices. The bas radiophysics laboratory equipped with 

ducts that must penetrate the reactor ment contains a 29-tube radioactive igma pile, an instrumentation and 

and test-cell shielding must be about source vault and special utilities. Th tandards shop, and a temperature- 

2 ft in diameter vater softener and demineralizer equip ind-humidity-controlled special equip- 
ment will be in a separate building ment room. Movable metal wall par- 

Engineering Laboratory Laboratory facilities include organi titions allow space flexibility. 

The first floor of the nuclear engi and inorganic chemistry laboratories 
neering building contains laboratories a metallurgical test room, counting Reactor Containment 
and the second floor, administrative room, general engineering test area The steel containment building hous 





Reactor Core Specifications of Air Force Test Reactor 


Material Coolant velocity Thermal maxi 
Fuel Fully enriched [ in core 15 ft/sec mum 1.2 * 10'*n/em?* 
in Al plates Pumping rate 4 800 gal /mi rhermal average 5.4 < 10°4n/em 
Moderator Light water—0.117 Core pressure 
in. film between drop (approx.) 15 psi 


nt Maximum flux into irradiation 
} nate 


Core parameters cells (at 10 Mw)* 
) 9 Above 0.1 Mev 2.8 K 10" 1 


O.35¢ to 0.1 Mev 1S x 10 


Coolant Light water 


Lattice structure Aluminum Dimensions 15 x 


Reflector Four face ynty high 
Critical Mass Thermal (entering 


graphite minimum : 
Cd curtain 0 * 10" 


thickne 18 in.) and clean, cold) ~4.0 ke 
Critical Mass (hot, lhermal (leaving 


light water 
(-d curtain 


equilibrium 
Operational conditions poisons 7k Hard gamma 
Maximum thermal Operating critical radiation 
power 10 Mw mass ~5.0 ke 
Average heat flux 60,000 Lt remp. coefficient 


Estimated excess reactivity (k,, 
Maximum heat of reactivity A). OO8 ¢ 


, virements ( ‘ 
flux 178,000 Bt { i Prompt neutron 4 . 
> ~ . len perature 
Power density 40.7 kw/liter generation time “WO paer ’ x 
» P ( HDOrium poisons iuding’ Aé 
Specific power* 2,130 kw/keg k, (clean and cold) 1.66 an ones acing 
ind Sn 
Maximum fuel kesy (clean and 
periments 


late sheatl ok 05 
plate sheath ld 1.055 Burnup (1,000 Mw-hi 


temp 
Coolant inlet Flux densities in core (at 10 Mw 
temp. } >0.1 Mev, max 2.7 K 10"n 
Coolant outlet 0.35 ev to 0.1 Mev, 
temp. ; maximum 1.5 X 10'*n/em?*/se * Based on 4.68-kg fu sding 
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Service corridor 














Megocurie 


instrument 
coble trench-- - 





FIG. 4 


tion is over 146 ft long, allows for 50°), expansion. 16 


r 
Decontamination locks 





/ 


hot celis 


High-level radiation building primarily houses hot cells (shown above) for examining irradiated material. 
16 ft access chamber is followed by 15 8-ft modules with 3-ft-thick ferro- 








Hot-cell installa- 


phosphorus aggregate concrete walls and ceilings; first 4 modules are 11 ft deep to permit disassembly of reactor test assemblies; 


remaining 11 modules are 8 ft deep. 
shield window. 


modules; 20-ton crane serves 8-ft modules. 
Concrete shielding is sufficient for megacurie gamma activities; for such a level, lead-glass windows will be 


to smaller modules. 
added to zinc-bromide windows 


designed 


reactor 1s to remain 
after the 
dent All 


piping, et 


maxiinum concely- 


shell 


will be required 


penetrations 


» meet the full gastightness and explo- 


re tance requirements imposed 
hell and foundation structure 

isic approach adopted in the 
test of the 


yntainment shell for the i-xperimental 


construction and 
Boiling Water Reactor at the Argonne 


Laboratory will be followed 


some modifications, The welds 

 radiographed and the structure 

be pressure-tested at 16 psig to 
nsure that the leakage rate does not 
ceed 0.1% of contained air per day. 
Separation joints are specified between 
ill contained structure and the periph- 
itself. 


is been taken in piping and duct de- 


eral shell Special precaution 
to prevent direct transmission of 
ie shock to the shell in event of the 
<imum credible reactor catastrophe 
<quivalent incident. Where neces- 
eavy special shielding is provided 


she I 


shrapnelling”’ damage 


otect the from possible 
ntation * 
its will also be constructed if 
shock wave attenuation at 


is determined to be 


) generate experimental data basic 

| design and construction of the 
the massive shield 
WADC 


Jallistics Research 


and 


hell 
of the reactor, has 
te ! V ith the 


itory, Aberdeen Proving Ground 
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Removable 7-in. cast iron shield walls separate modules. 


Each module has pair of Argonne model-8 master-slave manipulators and 4 
10-ton bridge crane serves access cell and disassembly 


3 zinc-bromide 


Four General Mills mechanical arms transfer test subassemblies from disassembly cells 


Md., for the instrumentation and test 
of a quarter-scale model of the essential 
facility. To 
Aberdeen 


1956, 


elements of the reactor 


be conducted at Proving 


Ground during October these 
tests the 


model to the simulated conditions of 


will consist of subjecting 


millisecond-period reactor excursions 
of increasing severity, ending in model 
destruction. Scaled energy-release 
and pressure-time conditions will be 
relatively slow- 


simulated by firing 


burning explosive charges of solid 


rocket propellant at the reactor core 


position. Measurements will yield 
pressure-time curves for positive-pres- 
sure pulses at various critical parts of 
the containing structure. These allow 
calculation of the maximum energy or 
impulse imparted to shield and strue- 
tural components capable of acting as 
blast 


fragmentation protection. 


missiles, for designing and/or 


Waste Plant 

The 
plant is a 5,000-ft* underground con- 
Half of 


heavily shielded for temporary storage 


waste storage and treatment 


crete structure this area is 


of active solid waste. It is serviced by 


a remotely controlled 5-ton bridge 

crane Observed with periscopes 
Liquid-waste-treatment 

occupies 1,500 ft* 


wastes and suspect water will be col- 


equipment 


Low-level aqueous 


lected separately using four 5,000-gal 
*Interstate Gommerce Commission 
Docket No 


10606 ast ised 


tanks The 


major fraction of suspect waste should 


stainless steel holding 


contain little or no measurable con 


tamination, in which case it will be 


possible to apply a simple floccing or 
coprecipitation treatment on a batch 
basis 500-gal stainless steel 


tank. 
Wastes requiring more than floccing 


uring «a 


will be run through a 125-gal/hr vapor- 
compression still bot- 
toms from the still and from the floceing 
tank will be pumped to a small jacketed 
kettle for further concentration, The 
distillate from the still and the clear 
supernate from the floccing tank will 


Concentrated 


go to a final monitoring tank and be 
released to the sewer 
Material in the jacketed kettle will 


be further evaporated, cooled as a 


sludge cake in steel drums, monitored 


* 


to insure that ICC requirements*® are 


met, and then shipped for permanent 
burial at AEC sites 


* * * 


The author officer for the 
facility from ita inception in October 1062 
until ile approval for conatruction by the 
Department of Defense in late 1066. In 
December 1056 the Nuclear Research 
Engineering Facilities Office, Directorate of 
Research, WADC, under 
John R. Hood, Jr 
The author wishes to acknowledge the aid and 
assistance of Col. Hood and of the following 
colleagues: J, R. Bohannon,.Jr., assistant 
project officer; V. M. Davia, Jr., 
engineer for the laboratory building; W. 7 


waa project 


and 
was organized 
to administer the project 


project 


Withers, project engineer for the waate plant; 
J. D. Geier, project engineer for the radiation 
building; and W. O. Doggett 


with the reactor drawings 


who cariated 
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Suspension Counting 
in Scintillating Gels 


Adding a gelling agent to a normal liquid-scintillation solution enables it to 
support 1 gm of material in 22 ml of gel; yet counting properties are unimpaired. 


Thus insoluble materials can be counted even if they emit low-energy beta rays 


By C. G. WHITE and SAMUEL HELF 
Chemical Research Section 

Picatinny Arsenal 

Dover, N. J. 


He PROBLEM of counting materials 
insoluble in liquid scintillators has been 
resolved by recently announced tech- 
niques for counting the material in the 
form of a suspension of micron-sized 
particles in the liquid scintillator (1) 

Now the problem is the settling of 
the suspension——for each radioassay it 
is necessary to shake the sample be- 
tween successive l-min counts and 
iverage the results or to extrapolate to 
zero settling time Where good repro- 
ducibility and short counting times are 
important, this settling of the suspen- 
sion is a decided disadvantage. 

If the liquid scintillator is made in 
the form of a gel the settling effects 
completely disappear; even millimeter- 
size particles remain suspended indefi- 
nitely, and counting properties are 
excellent 

Recently, Funt (2) reported the use 
of seintillating gels, which are com 
posed of a usual liquid scintillator 
containing 1-10% by weight of alumi 
num stearate Although complete «e 

Gu tails of the procedure were not given 
runt reports that these gels give a 
pulse height of 60% of the original 
Jie ed ee scintillator solution (using Cs’ ex- 
FIG, 1. Array of sample bottles shows: (A) liquid scintillator, (B) gel scintillator, 
(C) gel scintillator with 200 mg of material suspended, (D) gel scintillator being ternal source) and that “radioactive 
poured. Sample C looks more opaque in this photograph than it actually is 
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material may be incorporated without 
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ible settling.”’ The 
these gel scintillators, however, 
either the use of heat or the 
of a peptizing agent to effect 


prepara- 


This article describes a somewhat 
er gel scintillator. Some of the 
tor nvolved in the counting of 


ons in such a medium also will 


Gel Scintillator 
Our gel scintillator 
henyloxazole (PPO) in 
combined with Thixcin (Baker 
New York, N. Y.). 


is a castor-oil derivative 


consists of 2 


toluene 


(last Oil Co 


com- 


lets organic in nature; when com- 
ned with aromatic solvents it yields a 
tropic* gel possessing excellent 


ting strength. See Fig. | (No 


*'T troy is the property, exhibited 
gels, of becoming fluid when 
The change is reversible 





Weight 
nd d pended 
f* 
RI ") sieve 75 0.76 
100 0.78 
200 0.78 
100 0.76 
600 0.75 
800 0.75 
1,000 0.75 
60-120 sieve 
9HeCl 50 0.75 
100 0.76 
200) 0.78 
10 0.77 
600 0.80 
MOK) 0 84 
1.000 0.82 
,25-400 sieve 
0.78 
0.79 
0.81 
0.74 
0.80 
0.81 
0.80 
Hf ) 1.04 
100 0.86 
200) 0.75 
100 0.71 
H00 0.70 
iM) {) Of 
1.000 0.69 
pension-counting efficiency 


is internal-standard counting 
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substitute one of the 


doubt one could 


many thixotropic agents now finding 


wide use in chemistry Those agents 
that are characterized by little or no 


absorption :n the spectral region of 
the scintillato: 


Che resultant system should 


system are most a 
ceptable. 
also have high viscosity over a range 
of temperatures from normal to low 
treatment 


without special 


that is, heat or peptizatior 


requiring 
The gel is prepared by adding 25 gm 
of powdered Thixcin to a liter of liquid 
and homo- 
The result 


pourable, and capable 


scintillator in a blender 


genizing for about 3 min 
ing gel is clear 
of supporting up to | gm of suspended 
material in 22 m 

Addition of the 


1 amall effect on light transmission 


thixotropic agent has 
only : 
1 ml of a homogeneous internal stand 
ard counted 90% as efficiently in 22 ml 
of the gel scintillator as in the same vol- 
ume of PPO-toluene (3 gra/l) 
The addition of 1,4-di [2 

POPOP) 
little 


USPenslon ¢ ounting 


5-pheny! 
oxazolyl)| benzene to the gel 


wr no effect 


scintillator had ver 


on the efficiency of 


C'* Compounds Studied 
Three compounds of particular inter 
uniformly labeled 
this study: 
CoHiaN« 


lenetetramine 


est to this laborator 
with C'* 


hexamethy 


were ised for 
lenetetramine 


(hexamine hexamethy 


chloride examine 2HgCl,), 
clotrimeth 


The Lhe 


vuunds were not known 


mercuri 
and sym-cy lene trinitramine 


(RDX),. 


ties of these comp 


lute 


specihc activi- 


but good approximations were made 
based on the disintegration rate of the 
original formaldehyde-C'* used to syn 
thesize all three iterials 


Scintillation-Gel Properties 

The stabilit of su 
effects of 
and the efficien of 


pensions, the 
particle ze and concentra- 
tion suspen- 
sion counting relative to homogeneous 


counting weré tudied to learn the 
inting medium 


lo establish 


ion counting 


behavior of the new co 
Suspension stability. 
the stability of ou ispen 


technique and the reproducibility ol 


sample preparat ten 300-mg sam- 
ples of hexamine-C'*2HgC] were 
counted each da r a period of five 
successive da The samples re 


mained in the freezer during this five- 


day period and ere not shaken be- 
tween count Da erage counting 
rates for all ten imples, with the aver- 


age deviation for each day, were as 












Counting Etticsency (%) 
6 $8 s§ § $ § 8 § 









FIG. 2. Counting efficiency of gel 
scintillator drops as concentration of 
suspended material increases because 
medium becomes more opaque. Hex- 
amine's anomalous behavior at low 
concentrations is due to its slight solu- 
bility in the scintillator 


29 199 + 162. 20.055 + 272 


ll7 + 232, 


follows 
28,548 + 187, 29 
20,137 + 244 epm 

Subsequent experience proved that 
the suspensions remained permanently 
After 


weeks of standing at room temperature 


fixed without settling several 
some samples did change in counting 


rate but only because of solvent 
evaporation 
Concentration 


shows the curves obtained by 


Figure 2 


effects. 
counting 
“compounds 
50 to 


scintillator 


suspensions of our three ¢ 


in concentrations ranging trom 
1,000 mg in 22 ml of gel 
The gradual decrease in counting effi 
ciency 


RDX and hexamine 2HgeCl 


the increased opacit of the 


with sample weight shown by 
is due to 
medium 
with increasing amounts of insoluble 
material 

differently im 


Hexamine behave 


that there 8 an initial eh irp cle line 


counting efficiency at low concentra 


tions and a gradual leveling off to a 


efficiency with in 
This is duc 


of thi 


relatively constant 


creasing concentration 


to the slight solubilit material 


in the scintillator (-~2 em /! Ineres 


ing the amount of solid material thu 
changes the behavior from that of a 
nonquenching homogeneou tem to 


that characteristic of a suspension 


kixelusive of solubility effect the 


behavior of each material with increa 


ing concentration is characteristic ofl 


the transparen of the resulting i 
pe nded system Phu hexamine 
which is a relative tran trent cr 


tal, did not visibly increase the opacity 
at higher concentrations to the same 
extent as the other two C'* compounds 


This is reflected j flatness 
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n the relat ‘ 

















Small hottlet 


Scintillator volume 


(ml) 


* There were 200 me ¢ 
1 Kimble Opticlear 
t Kimble weighing bot 


Large bottle} 


Scontillator volume 





of the curve for hexamine 
400--1,000 me 
Particle-size effects. Thw 


particle size was observed wit! 


etiect 


of hexamine 2HgC!, prey 
through No, 60, 120 
sieves, equivalent to 250 
37 microns respective 
compound has a relatively hi 
(3 gm/cm*), it was expected that var 
ations in particle size would be reflect 
by changes in counting efficiency due t 
self-absorption of C'* beta ra How 
ever, there was no noticeable difference 
in the counts obtained from equal quan 
tities of 60- 
(Fig, 2); the 325- and 400-sieve mat 


rials gave slightly lower counting eff 


and 120-sieve materia 


ciencies despite their smaller size 
Thus, in the range studic 
ences in particle size appear to h 
effect on self-absorption or such effect 
if any, are masked by more pronounced 
changes in optical properties of the 
system, 
exhibited by the amalier particl 


Hence, the lower efficiencic 

probably due to changes in the opti 

properties of the finer suspen 

more comprehensive stud 

cle-size effects is in progr 
Suspension f values. 

suspension counting eft 

geneous internal-standar: 

ciency, f, deviates from 

amount that depends on 

absorption of the beta pa 

Table 1 gives the 

for different suspended amount 


ilculater 


C'-compounds 


The values for the two complete! 


insoluble compounds definitely indicate 
the role of self-absorption in lowering 
counting efficiency Che initial hig! 
values of f for hexamine are again 
attributable to its solubility I'he 
average f value for the 325-400 sieve 
hexamine-2HgCl, samples indicates the 
apparent self-absorption for this ma 
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has not been altere pite a 
reduction in particl 


he Via 
( pect to the true self 


lues of f are not absolute with 
absorption ta 
tor because of the uncertaint 
disintegration rat 

tucdied Howe 

that 


ibsolute 
mpounds 
be estimated roughly 
orption factor for this 1 
of order of 0.7 to 


Because the 


ticle ize | 
Effect of bottle size. 


gel intillator is optically more dense 


than liquid seintillators, it was expected 
that sample-bottle dimensions and 
phosphor volumes would be more criti 
cal. Table 2 gives the counting rate 

obtained with 200-mg samples of 
hexamine’2HgCl, in various volumes of 
both 


both 


contained in 
bottles With 


1708 an increase in gel scintil 


gel scintillator 
mM ill 
bottle 


and large 


lator volume resulted in increased 


counting rates However the smaller 
bottle with its narrower absorbing patl 
gives higher counting rates 

‘I he 
technique should 


for the 


simplicit of thi 
make it attractive 


higehe I 


Summary. 


radioassay of energ 


beta emitters as well Counting prob 


normally associated with end 


GM 


and 


lems 
ndow counting such as poor 
geometry nonreproduc! 
imple preparation are virtual 
ited with suspension 
counting. Self-absorpt 
could be a trouble in an inorg 
in be overcome by app 
ill particle size. For ¢ 
ome preliminary experiment 
erved that 20 mg of a lead salt tagged 
with Pb?! (Kz 1.17 Me 


10 times as effectively when suspended 
thin 


counted 


in our gel scintillator than as a 
layer over an end-window GM counter 


Equipment and Techniques 
lhe apparatus and procedures used 


in exploring the properties of secintil 


lating gels are described here; no un- 
usual equipment is required 
Homogeneous internal standard. 
Polyst 
used a8 a 


ad Ite 


(Jak 


rene-C'* dissolved in toluene 


homogeneous internal 
absolute activity as 
tidge National Labora- 
26,600 


id checked b is was 


Tricarb 


Counting 


equipment. 
junter,* was 
data All deter- 


with lower 


juld eintillation ce used 


tain all counting 


ations were made and 


r discriminators fixed at 10 and 50 

respectively to maintain a low 
und and to enable counting at 
defined peak At these settings 


1b nonquenching homogeneous C'* solu 


tion counts at approximately 65% of 

solute efficienc 

The refrigerated shielded sample sys 
nd dual photomultipliers wer 

uintained at 20° |} 


No special 


obtain oul 


Sample preparation 

vere made to 
( material in the fine! 
state 


i sorption We 


necessary to eliminat 
wanted to evalu 


I ion counting technique 


Ispen 


precipitates as they are normal! 
btained from our tracer experiment 
However 
or each C'*-labeled 
dry material wa ifted so as to 


through a No. 120 


to maintain uniform partici 


compound 


125-micro! 
and remain on a No, 325 (44 


The 


chloride salt of hexamine was 


| S. Standard Sieve 


yrepared so as to pass through N« 

micron 325, and 400 (51 
sieves to test the effect of par 

thickness 


Sample 


le size above ‘“‘infinit 


Counting procedures. 


re counted in Kimble Opticlear 7 


vials with pol ethylene Caps 


I tillator 


f 


2 mi ol gel ( 


é were 
to each ial containing a pre 


i amount of C'*-compound 


is shaking of the closed vial for 


econds was sufficient to assure 
uniform dispersion of the solid in 


ntillator 


investigatior 


inance Corps 


manuscript 


C 
Illinoi 
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Looking into nearly-completed lower 
half of sphere, showing top of concrete 
reactor vault. Core will be at center 
where workman is standing; around it 
will be 24 primary heat exchangers 














Sphere seen from eastern side 
Condenser work in foreground 
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Britain’s Fast Breeder 
Rising Fast at Dounreay 






THE THIRD AND FINAL STAGE of construction on Britain's fast 


breeder at Dounreay is to begin January |, when large sections 







of the plant's chemical works are scheduled to be taken over 






and started up, as well as the main administration block and 






workshops. The remaining work is expected to be completed 






during 1957. A 130-ft dia 1-in. thick steel sphere will house 






core, little larger than a tar barrel (NU, May ‘56, p. 19), and 






the liquid-metal heat exchangers. Besides the fast breeder, 






contribute 60 Mw of byproduct electricity to Britain's 


which w 











grid, there will also be a Pluto-type MTR at Dounreay 





Pouring foundations of the sea-water cooling plant. Light 
fringe at extreme top of picture is water of Pentland Firth 
on northermost Scottish coast 








Entrance to tuanel that will carry solutions of radio 
active wastes for disposal under the sea 


Vol. 14, No. 10 - October, 1956 49 












Simple Instrumentation 
Determines Several 
Simultaneous Radioactivities 


Stepping single-channel analyzer and 5-window instrument solve 
many industrial problems more simply and more economically 


than elaborate multichannel analyzers 


By J. KOHL, R. E. NATHER, 
T'racerlab, Richmond, Ca ‘ 


and V. P. GUINN 


Shell De clopment Compar meryville, California 








Relotive Counting Rote 
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50 100 150 200 
Pulse Height (volts) 








FIG 1 Standard samples of the three tracers used 
simultaneously in catalyst study gave these gamma 
spectra with S-window analyzer. Superimposed 
are windows used in simultaneous determinations 


FIG. 2. Five-window analyzer consists of pulse-height 
analyzer, glow-transfer and digital register, patch panel, 
amplifier, and power supplies 
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with small numbers of 
stepping single-channel 
ve some industrial applica- 
than 


more elaborate 


instruments. Several 
which the simpler instru- 


us been suc cessfully used 
the box at the right We 
ts use in simultaneous de- 


mixed natural radio- 


| of mixed radiotracers 


Assay for K, Th, U 


It ten desirable to assay a par- 


idioactive ore for its relative 
f the naturally occurring ac- 
thorium, uranium, and potas- 


An ¢ 
vell If daughter products 


xample is a core sample 


im and uranium chains are in 
rium with parents, quantitative 
on using the total gamma-ray 
rum is possible. In this analysis 
measures three regions of the spec- 
jultaneously The result is a 
of three linear equations with three 
the amount of each activity 
Calibration with pure forms 
ities determines the coeffi- 
| solution of the equations 
mount of each activity A 
vy analyzer can perform such 

sin a single run 
and 


riments on limestone 


1 144-in.-dia, 2-in.-long Nal 


irrounded by 300-gm samples 


mind shale provided data on 
Th, and K toa 
standard 


entrations of | 
ol + SOU, 


devi- 


2-hr runes 


FIG. 3. 


Other Successful Applications 


1. Continuous determination of K, Th, and U in oil-well formations by logging 
with a scintillation spectrometer coupled to a 3-channel discriminator feeding 3 


ratemeters and «a 3-channel recorder (9). 


2. Continuous determination of the quantity of selected elements by observing 


their prompt gammas under neutron bombardment. 
One can distinguish limestone from sandstone even though they both 
have identical total radiation intensities (9, 10). 
between salt brine and oil by noting the Cl capture gammas. 


cl, C, H, O. 


Elements detectable include 


One can determine the difference 
One can log an out- 


flow well in a water-flooding operation to determine the location and relative volume 
of inflow from several different input wells injection waters of which have been 


tagged with different tracers (9). 


3. Continuous simultaneous determination of the rate of wear of two or more 
parts tagged with different radioisotopes (11, 12). 

4. Neutron irradiation and subsequent use of the spectrometer to determine: 
concentration of Cu and Ma in super-pure aluminum (13); concentration of Cl and 
F in Kel-F (14); concentration of Ca, Al, and Mg in cement-mill feed stocks (15); 
milligram quantities of F and microgram quantities of Br, Cl, and | in aqueous 


solutions (16). 


For more complex analyses, where 
computations become extremely tedi- 
ous, it often is necessary to call on addi- 
tional machinery such as a digital 
computer to perform the actual data 
reduction. In such circumstances the 


automatic output of a single-channel 
analyzer may be of the same formas the 
input to the computer in the form of 
punched cards, punched paper tape, or 
This 


speeds up the over-all operation. A 


magnetic tape simplifies and 


special technique has been developed, 


for instance, for resolving complex 


spectra by multiple least-squares analy- 
sis on the resulting data, which is im- 
practical without the use of acomputing 
machine (1). If the data are presented 
in a form that can be fed directly into a 
computer, final results can be obtained 


more quickly from a complex spectrum 


Stepping single-channel onalyzer offers auto- 
matic, unattended operation. 


Electric typewriter records 


window number, count, time, and time of day 
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than from a single component by hand. 


Simultaneous Tracers 

Use of gamma-emitting radioisotopes 
as tracers in refinery-scale studies of 
stack loss 
cracking catalysts has been published 


mixing and aging of fluid 


recently (2-5). Tracer studies em- 
ploying as little as 0.5 me diluted with 
as much as 850 tons of catalyst have 
been carried out successfully, by use of 
high-sensitivity scintillation counting 
We will describe here a similar study 
simultaneously employing three cata- 
lysts separately tagged 
Cracking catalysts age as they are 
Their surface area may decrease 
from 600 to 100 m 


ume from 0.9 to 0.5 em’*/em 


used 
gm, and pore vol- 
When 
cata- 
should 


because of 


aging characteristics of several 
lysts are to be compared, one 
study them simultaneous! 
day-to-day variation of operating con 
feed stocks, et« 


In a recent study carried out by the 


ditions, 


Shell Development Company, the aging 
and stack-loss of three fresh cracking 
catalysts were followed simultaneously 
over a period of 30 days to find out 
which one had the best aging character 
istics. The three catalysts were tagged 
with Ce!4/Pr', Cr®! 


tively 


and Se**, respec- 
Three separate tests without 
the spectrometer would have required 
many months, allowing for reasonable 
decay of the suitable radioisotope of 
shortest half-life before use of the next 
longer-lived isotope 

These isotopes were chosen for several 
They 


uniformly on a silica-alumina catalyst 


reasons. adsorb strongly and 
surface and are not volatilized at tem- 
‘| he y € mit 


suitably 


51 


peratures up to 1,000° ¢ 


gamma radiation of energis 





Simultaneous-Tracer Trio 


These characteristics make these radiotracers appropriate for simultaneoous use: 


Isotope Half 


Ce'*/Pr'* 
Cr 
Sc“ 

Ce’* emits gammas 
daughter, 17-min Pr’ 
latter have sufficient energy to penetrat 
aluminum-MgO housing of the Nal 
the observed Ce'"/ Pr 


in only about 


; 


285 


27 
Fh) 


40% 
» emits essentially only 
the 
crystal, 
gamma-ray spectrum 


lays) Gamma ener Mev) 


0.14 
0.32 
0.88/1.12 


of its disintegrations. Its radioactive 
30-Mev beta particles. Many of these 
glass wall of the sample vial and the 
producing a long high-energy tail 

To minimize this a steel insert about 


to 


I mm thick was used as a liner in the crystal well, improving the spectrum. 


Cr" emits 0.32-Mev. gammas in 
radiation other than very soft ¥ 


8% 


of 
X-rays resulting from K-capture of Cr’’. 


its disintegrations and emits no othe: 


Se” emits essentially only 0.36-Mev betas and then two gammas in cascade. 


separated for adequats 
a scintillation counter 
the 


(See box 


analyzer, and 


half-lives 


Samples removed from the 


ibove 
cial unit after 1.5, 6 
and 30 days were se 
float 
ferent 


methods into 

skeletal densit, 
and surface area (5), Onl 
tionated samples were available 
grams) 80 a 2-in. Nal scintillation well 
Cony) inctior 


i] 


mma 


counter was employed—in 


with a Tracerlab window analyz 


obser ed 


tl 


Figure | presents the 


wih 
ray spectra obtained y tl 
and three standard sample 

fiveewindow analyzer a 
that i 


point spectrum analy “er men 


uring five equal channel imultane 
ously (0-5, 5-10, 10-15, 15 
volts, then 25-30, 30-35, « 


a 
those spectra it was decided 


HH) 20 


| ron 


to count 


tk 


all of the samples in the following three 
channels: A, 10-40 volt B, 40 
volts; C, 80-250 volte 


si) 


FIG. 4. Patch panel chassis contains plug-and-jack arrangement 


to position windows and choose their widths 


Sharper nectra could have been ol 


j 
1, especially sc* I a 


lor 
tal thickness had been used Qu! 


the largest well crystal ailable 
However, the 2 


results 


time 


fave adequat 


lor 


{ 


‘ ( 
i | 


calibration purpose pure bn) 


each isotope were count The 
following | 
ti the 


three 


net counts falling in each « 
the 


elected channels in each of 


ounts 


+1 


Each of the three channels contains 
the photoelectric peak of one of the 
three isotopes (A, Ce! B, Cr ( 
<7 


Channel A also includes Comy 


ton scattering pulses from Cr and Se“ 
Channel B includes Compton pulses 
“ The fraction of the 


falling in the photopeak decreas 


from pulses 


with 


increasing gamma-ray energ 6 





larger 


it 


st shows the pe reentage ol 


fy equation 
Potal Ce! epm in 
0.499 B LOO ¢ 
Potal Cr®™ epm in 0.060 
1.464 B + 0.694 ¢ 


sc** cpm 


Pot 

t- 0.035 B 4 
equate 
epm in 

samples 

ibout 

ernods of o-Z0 n 


p 
ghted verag I the six 
table 


table 


ons si were 
above 
nlitv is indi 
the 


letermina 


re made at various times ove! 
1 tota period of hive wee} 


| data lO! 
iter the sample 


thie Klectrodata 


coded 


were ind back 


unts and counting 


from the five indow analyzer 


f counting, and weight of imple 
all necessary 


It 
of 


computer periormed 
LO! Z00) 
d deca 


otope with it 


liations some 


imples 


corrected cpm/gm 


tandard devia 
rhe computer not necessary 
ived considerable time 
ree-gram samples of our unknowns 
standard 


10 


vere counted Harshaw 
N il 
The ove! 


were 


in, 


vell-counter crystal for 30 min 
all gamma-counting efficien 
follows: 


10 % 


cles 


(e*** 


approximately as 


SOU: Cr HOY a 
Mev, 30% for 1.12 Mev 
The channels were selected to mini- 
effect of slight gain drifts and 

lead shielding had typical 
110 epm 


™ 


1or 
OSU 


ze any 
9 


wi a-in 


backgrounds of 65 


cpm 


55 « pm 


respec tively 


L 





4 
10 


FIG. 5. Gamma spectrum of Ce'*! 
typed data of stepping analyzer (5 min per channel) 
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j p OY 4. 
is 20 2 30 40 «645 
Chennel Number 


35 


= 


plotted from automatically 





Instrumentation 
I nstr 
ke those just 


Fig 


iments appropriate for 
described are 
The five-win- 
The step- 


analyzer 


2 and 3 
r is the faster 
rie channel on 


hand combines automatic 
t t and unattended operation, 


The 


i nonoverloading 


Five-window Analyzer. five- 


Ze has 
i servo-regulated high- 
ind a window-dis- 
issis to perform the actual 
inalysis Five separate 
he 


de- 


spectrum 


provided Each can 

to include any 
f the total 
is divided into 50 se« 


to 


is made locate 


e windows on any group 
The 


a single 


sion points (7) 


sible window is 
o of the spectrum, while 
all fifty 


be ad 


setting includes 


Phe 


gaps, or overlapping 


windows can 


recorded completely in 
weurate mathe 
the data 


of-ten are provided for each 


atment ol final 
tem to allow rapid accumu 


These 


decade counter 


niormation are 
w-transier 
first of which has a resolving 
GC 10/D). The see- 
GC 10/B type 


tube sare followed by 


se 
the slower 
a lour- 
so that 


counts 


echanical register 
inting capacity 10° 
‘ At a rate of 30,000 epm 


coin idene of loss 


tro! 


Is 


It 


testing 


chassis is included 


1 pulse generator tor 
ting the equipment and a digi- 
to provide preset time op- 
A separate “patch panel” 
(Fig. 4) 
ertain operations such 
study 
the pulses at the input to 
) 


om 


ndows 
the 


mentioned 


iis 


ve rate 


“ar 
ire fed to independent 

for each channel 

The 


} was designed to permit 


ng Analyzer. instru 


Steppi 


t Fig 


f spectral data auto 


he discriminator 


sVS- 


single window 


of a 


50-position selector awite h 


posi- 


recording system is a specially 


Lie? wecompanied by uu 


ited electric typewriter 


operation the window is 


‘ the first position, a preset 
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nation 


| sotope 


‘ 
« 


of count 


im ¢ hannel 





time, preset count, or both are chosen, 
the start button 
scaler 
the 


preset 


and depressed, 
The 
from 
the 
reached and the information is printed 
by the 
writer on an appropriate data sheet 

Although the 


a multichannel 


is 
accumulates information 
first 


count 


until either 


et 


position 


ol time 1s 


pre 


automatically electric type- 


tem is slower than 


inalyzer operation 
without attendance to some 


additional 


Makes Up 


extent, for time required 


The analyzer can operate with a suit- 


able automatic sample change 
For manual operation a patch panel 
also is provided as in the 


TI 
iis LLiOWSs 


measurement of the 


n five-window 


analyzer for instance, 


decay of any peak 
in a complex spectrum 

An 
the 


The gamma ray of Ce 


illustration of the final data of 


instrument hown in Fig. 5 


‘' and its corre- 
Compton lump” are clearly 


X-ray line of Pr 
ion of the soft 


sponding p 
resolved from the A 
due to internal cor ! 


gamina ray 


Thia article iat talk 
the Fourth Inte 


Veasurementa Conf 


preacnte d al 


Inatrumenta and 


Stockholm, Swe 


den, Septemby 8.19 


\ 


iv 
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Fast-Neutron-Insensitive 
Chemical Gamma-Ray Dosimeter 


Acid formation in stabilized chloroform or tetrachloroethylene serves as a 
measure of gamma-ray dose that is rate- and temperature-independent and 


linear to over 200,000 r. Adaptation to personnel monitoring is described 


By SANFORD C. SIGOLOFF 


Radiobiological Laboratory, University of Texas, Austin, Texas 


INCREASED AVAILABILITY of nuclear Over-All Properties <posures is accomplished by titrating 
machines for radiobiological research the exposed dosimeter, determining the 
has created many dosimetry problems Soth chloroform and _ tetrachloro number of milliequivalents of acid 
The ideal technique for mixed-radiation ethylene respond to X- and gamma _ generated, and comparing with a known 
dosimetry would incorporate two do- radiation, producing stable, wate: calibration value 
simeters, one completely insensitive to oluble acids. If a dosimeter contain- Titration techniques afford accuracy 
gamma rays and the other completely ng these reagents* is given a known to +!10%. Spectrophotometric analy- 
insensitive to neutrons dose of radiation, the radiation-gener- can increase the accuracy to +3%,. 
A useful technique for measurement ited acids can be extracted with an 4 liter of solution is enough for 700 or 
of fast neutrons exists in the two-pro acidimetric dyet, titrated with 10 more dose determination 
portional-counter method (1-4 How normal sodium hydroxide, and a cali Shelf life of these systems is excellent 
chemical dosimetry can be used for bration value for the number of milli Solutions have been stored at room 
gamma-ray measurements in the pre equivalents of acid per roentgen can be temperature for periods greater than 
ence of neutrons is discussed here obtained, Evaluation of unknown-dose ten months with no decrease in their 
radiation sensitivity An undesirable 
property of the anhydrous chloroform 
dosimeter is its volatilit This prop- 
erty precludes its use except for short- 





term experimentation lor long-term 
exposures the less volatile tetrachloro- 


Chemicals + Film— ethylene is used. Both of these 
e } » hee ‘ les silicones 
Something New in Personnel Dosimetry ae selon we carey sonra 
A new approach to personnel monitoring for persons unlikely to receive a itive dosimetry efforts with other 
significant dose (e.g. secretarial help) is afforded by chemical dosimeters sensi laboratories 
tive below 1r. It parallels the usual film badge with a self-indicating chemical 
dosimeter, The film badge is developed only when the chemical dosimeter indi Dosimetry Characteristics 
cates the accumulation of a dose > 1 r or after the passage of a fairly long The chemical systems described here 
period, say 3 months. Weekly processing of the film badges of personnel who have many properties desirable in a 
consistently get zero dose is thus avoided 
The nece ssary dosimeter ia at hand in the form of alcohol-and-thiorea-staln 


* Reagent-grade | (CHCls,) or 
; ichloroethvlene Cel is fractionated 
lized tetrachloroethylene plus an acidimetric dye Incident radiation produces 1» high-efficiency still to a constant refrac 
acida that reaults in a color change in the acidimetric dye This color change 16x he distillate is collected in a 
ughly cleansed Pyrex container, and 


can be read with an accuracy of 20% in the range 0.5-8 r. Complete color 

’ ' tabilizing agents, such as hexylresorcinol 
change from red to amber results from a 8-r exposure in a system having a or 2,6-di-tert butyl 4 methylphenol, are 
hydrocarbon-dye ratio of 6:1 The dosimeter is rate- and temperature-inde Phe concentration of the stabili- 
pendent; it ia linear with dose up to 10,000 3 Energy dependence is like that isually use 0.2% by weight of the sta- 
of the high-range dosimeter deacrihed in this article ) ing agent dissolved in the chlorinated 

. . ° ‘ bon. 

For details see American Industrial Hygiene Association Quarterly for “eee: 


agent controls radiation sensitivity 


ss chlorophenol red +’ 3°’ ~dj- 


December, 1956, chlorophenol sulfonephthalein 
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dosimeter: linearity, rate 


ature independence and 


sensitivity Details are 
Tables 14 
Energy dependence. The 


e of the anhydrous chloro- 


energy 


nhydrous tetrachloroethyl- 
eters somewhat parallels that 
Peak response as meas- 

| production is directly re- 
photoelectric absorption 
dependence is decreased as 
mn scattering begins to predomi- 
| the systems become energy- 
lent above 0.6 Mey 
lown to 80 kev is achieved 


shielded with 0.5 


energy 
he systems are 

mm I ead 
Dose-rate dependence. Resor- 
tetra 
rate-independent 


tabilized chloroform or 
thylene is 
hr to the rates encountered 
clear detonations Dose-rate 
have been 
hr to 4,200 r/min 
Both 
tetra- 


n this laboratory 
,O571 
Temperature dependence. 
drous chloroform and 


lene dosimeters are 


5%) of temperature during 


mn in the range 5-55° C 





Relative Energy Response* 


Acid yield} 
mEq x 
10° */ml/7 


E fective 
ere rgy No 
lead 


O.4-mm 
lead 
shield 


0.05 
0.05 


100 0.24 
1,200 0.05 
nol-stabilized anhydrous 
ene tem 
ates varied from 30 r/min to 
represents a mean obtained 
1) sarnples; titrating was done 
NaOH 
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tetra- 


linear 


inhvdrous 


Linearity. ‘The 


chloroethylene system shows a 
relationship between radiation dose and 
the total acids liberated by the halo- 
Acid produc- 


greater than 


genated hydrocarbon 


tion is linear to doses 
200,000 r rewardle 

Neutron sensitivity. It 
that the 
would have a low re 


thing the 


ss of the rate 

Was antici- 
pated anhydrous systems 
sponse to fast neu- 
trons. For one amount ol 
energy imparted to a unit mass of solu 
tion by one rep of fast neutrons is less 
than that imparted to a unit mass by 
the G 


systems 18 


l rep ol photons In addition 


value for similar chemical 
lower for hea particles than for 
electrons (4 

To determine the upper limit of the 
fast-neutron response of both systems, 
an alpha source was placed in a I-ml 
volumetric flask containing the halo- 
The disk 
submerged to insure complete absorp- 
The 


acids generated pet 


genated hydrocarbon was 
tion of all alpha particles emitted 
quantity of stable 
rep of alpha energy ab orbed appeared 
to be about 4/9 that produced per r of 
gamma rays This seems to indicate a 
chemical conversion efficiency of 10% 
It is that the 


version 


assumed chemical con- 


efficienci ire of the same 
order-of-magnitude for alpha particles 
recoil atoms (4) 


protons, and carbon 


How the energy absorbed in 1 gm of 
from 1 rep of fast 
with the 


Catia 


tetrachloroeth ylene 
neutrons compare 


lr ol 


energy 


absorbed from rays in 
tissue was calculated approximately as 
shown in the Appendix. The calcula- 
tions for the tetrachloroethylene system 
indicate that a maximum of 8.3% of 
the incident energy of 8-Mev neutrons 
is absorbed by the system when com- 
pared with a tissue dose Since only 
10% of the absorbed 


the neutron response of the tetrachloro- 


dose is utilized 


ethylene system, cde 1 nding on the neu- 
of the order of 0.83% 
if exposed to | rep of 


tron spectrum, | 
That i 


neutrons 


or less 
last 


present the dosimeter 


with no gamma rays 
would generate 
0.83% as much acid as it would from 1 


rep ol gammas 


Field Use 


joth an! tems have been 
neutron and 
ORNL tower 
shielding facil the Los Alamos 
prompt embl the 
Alamos Omega thermal 
detonation ( 


tested in m 7 is ol 
gamma radiation 

critical i Los 
reactor, and 


nuclear omparison of 


TABLE 2 Relative Re- 


sponse* 


Dose-Rate 


Radiation ratest le 


i wield? 
mEq x 10 


r niin 


10 
100 
1,000 
2,500 
1.250 


* Hexylresorcinol-stabilized snhydrous 
tetrachloroethylene systen 
Total dos 
10,000 r, regardless of rate 


t kach value represents the a. 


t Source: Co* delivered was 
erage ob 
tained by titrating 15 samples; titration was 
with 10 V NaOH 


done 





TABLE 3--Relative 
pendence* 


Temperature 


T'emperaturet Acid yield} 
5 by mEq x f0°*/ml/r) 


talniized snhydrous 
ayetem All 
S-rmim 


* Hexylresorcinol 
tetrachloroethylene samples 


were flame-sealed in Neutraglas 
siliconed ampules 
after 4-hr 


constant-temperature 


t Dosimetera exposed eqguili- 


bration in a water 
bath 
t Kach represents a mean of 15 


ynplished with 


value 
titrations; titration wae acer 


10°*-N NaOH 





TABLE 4--Acid production as a func- 
tion of total dose* 


Total doaet {cid jield} 
7 mEq x JU ®/ml/r) 


1,000 
10,000 
100,000 
200, 000 
300,000 


* Hexylresorcinol 
tetrachloroethy lene 

t Dose rate 1,000 

t Bach represet 
titrations; titration wa 


1O7*N NaOu 


value 


ished with 
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Other Gamma-Ray Dosimeters 


Al pres nt there ia no gamma-ray dosimeter that hae all the desired features 
for dosimetry work in mixed radiation The moat frequently used laboratory 


device ia the graphite-wall CO, flow chamber. This is primarily a dose-rate 


dose \ - wit I 


gamma-detecting system, but it has an undesirable ene rgy-dependent neutron 
, ‘ on energy Mev), 2, summa- 
response (3) The exact value of ite neutron re sponse 18 not known However :, 
: er-all types of atoms present 
thia dosime ler doe help oblain orde of magnitude information ect I f th tl { I | 
J cross section of if j ype o 
a" j ’ y ° 
The photograplhic-f dosimeter syatem of Ehrlich and Fitch (4) is another , ; 
eos atom (cm?*) f average fraction of 
common method of gamma-ray detection The faat-neutron and thermal- ' 
: , / energy lost by the neutron during its 
neutron response of the fim ia only vaquely known, and consequently this system 
; f p dl 4 4 collision with the ith kind ol atom 
has limited applications for mized dosimetry work until exact neutron-re aponse ; 
issuming isotropic center of mass scat- 
data are obtained ; 
‘1 , , tering, f; 2M/(m + M)* where m is 
Almoat eve ry laboratory concerned with and gamma-ray dosimetri USER ¥ 
. ye S. the neutron mass and M is the mass of 
the if icloreen condenser-t jpe vom ation chamber The work of 1¢ her old oO) 
’ : the recoil atom), Q; number of atoms 
reveals that the Victoreen chamber re ponds lo neutrona but ie not suitable for 
. of the element 7 in | gm of medium 
use aa a neutron dosimeter Variations in the neutron response between one 
s From the above, since tetrachloro- 
Victoreen chamber and another may be as great as 20% (6 Since the C.C) 
: . yiene i8 : 4 
Victoreen reapond lo X- and gamma radiation more e flu iently than it does to 


neutron radiation, ita accuracy for gamma-ray measurements in the presence of ElaciQe + oef ( 
iv Cyt ‘ 


neutrons will depend on the relative proportion of the ne utrons and gamma ray DAF 


ac, fe, Vc are appropriate values 
irbon and oa, fi Yo, are the 


these dosimeter svatems with t] APPENDIX ppropriate values for chlorine. We 
flow chamber at the ¢ r shielding ‘ 7.2 X 10 fi 0.14, Qefi 

, We wish to evaluate P, the ratio of . “ng. 
facility provided much valuable infor EA ary hI XK 107", Qo = 14.5 K 107, fo 

post ‘ ; energy absorbed in rm ot tetrac ro : nee : 
mation, The C-CO, « nber meas ™ = 0.053, Qeafer 0.77 XK 10%; DG 
ethylene from |} rep of last neutrons to . ‘ 
urements were made at low power and t} ; wd ‘ Llu are from Hurst (2 
1 energy absorbed in gin ol tissue —— . 

extrapolated to the actual power set f | f . lable 5 shows values for P that are 
; fe rom | r of gamma rays Ow 
tings used, The chemicals in ( btained by inserting the values for o; 


Note that the upper limit 
ats Ve 


gamma dose somewhat hig! 
C-CO, flow chamber extrapo! / 
sults were highly reprodu: 


Eu, due to 1 rep wy in ¢ hemicals 
E», due to 1 rep of ¥ in tissue 


‘ . Ka», due to 1 rep ny; in chemical 
Calibrations at Los Ala: 


that the thermal-neutron 
of the anhydrous 
tetrachloroeth ylen 

107" and 1.7) 
respectively, An ¢ 


E.», due to Lrep of neutron n tissue f ' wishes lo express appre 


’ " dance give 
FD erem(2)/F DCE and Karl Z 


Db ‘ gar ) V i autho ia also 

and P. Harris 

vhere F is the flux in n/em? nee calibration and 
make a rep, and Da.» (/) and D 
ducted during Operation ' 0 t 
indicated that the | 


for the fast-neutro: 


cooperation of 
e dose or energy absorbed 1M u t { ja r ; ering department of the 

, The University 
alea Ai Force 
re pectivel Since exaa, none eae atudica vuld 


per n/cm for chemical ! 


anhydrous chlorofor 
2%. D Me 





TABLE 5--Computation of Energy-Absorption Ratios 


KE o, 
(Mev) (barna) 10%, 


0 
0 
0 


l 
9 
2 
1 


6 
~ 
10.0 


ahve Ha 
* Personal commur fu ) : " i borat« 395 (19 
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PRECISION VALVES 


for heavy water / for radioactive coolant service 


Bet-O-Sear “Y" Valve with welding ends 
welded bonnet and outside screw rising 
stem. Yoke bushing can be removed 
without breaking body-bonnet joint 


} 
Beit-O-Seat “Y” Valve (Sectional). Outside 
screw rising stem. Designed for long life where 


pressure of vacuum-tight control is essential Bett -O-Seat 0.5. & Y. Globe Valve 


Bolted bonnet. Outside screw stem 
rises through upper yoke bushing 
that revolves with handwheel 


Painstaking quality control is rigidly Shown here are examples of the types 


nic d through every step in the of valves available to industry for use 


PERFORIV 


manufacture of these nuclear valves. We with heavy water, molten metals, etc 
I vith the materials—every machin For complete information, consult your 
ration is accurately gauged—all Powell Valve distributor. If none is near 
thoroughly cleaned and de- you, we'll be pleased to tell you about 


{—then every valve is not only sub our Nuclear Valves as well as our com 





in actual line test, but is given plete line of Powell Quality Valves—all 


mass spectrometer test with Performance Verified 
VERIF IE 


The Wm. Powel! Company, Cincinnati 22, Ohio... 110th YEAR 


WELL VALVE 


BRONZE IRON STEEL AND CORROSION RESISTANT VALVES 
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A System of Film-Badge 
Interpretation 


By KERAN O'BRIEN, LEONARD R. SOLON, and HANSON BLATZ 


(lomic 


New York Operation 
New York, New Yorl 


Office, = 


The film baclwe calibration proce dure 


vv long period 


described here is valid f 

of time and can be checked easily from 

week to week 
In the chart 


calibration allows en 


form g 
lowers the potential for rro Th 
density-dose curve for / | rep can 
be accurately described by a linear 
function, while over the entire range it 
tangent 


can be described b in are 


function 


Calibration, Development 

The Health and Safety | 
of the New York Operations Office 
ducts a film-badge service for 
ita contractors. The 
in Fig, 1. 

Previous to August 1953 
calibration curve was 
development of each 
of four film 
holders to Ra®*® or Co" 


iborato 


ome 


badge i how 


fA separats 
irawn up for each 
week Two set 
were exposed in their 


. I's 
it contact 


y-re 
seta of five film were exposed 
to the radiation from a sheet of uranium 
of normal isotopic composition, covered 
with a sheet (30 mg/cm 

to simulate the plastic sach 

the film 


normal use, 


badges when 
In each development, on 
heta exposure 


three calibr 


gamma and 


cluded, and ition ¢ 
were drawn to be used in the nterpr 
tion of 


density ~lose curves were 


routine expo 


the y-radiation men 

open window, the ‘y-radi 
the Cd-Al shield, and the 
as measured under the 
The film were exposed to 100, 300 
1,000, 3,000 mr of y-rad ind 120 
240, 480, 960, 1,960 mrep of 8-radiation 
The dose rate from the 


j-racdiatior 


W indow 


open 


ition 


uriace of a 


uranium sheet is 240 mrep/hr as meas 


Enerqy Commission 


ured with an extrapolation ionization 


chamber (7) 


The film was processed at 68° F for 
} min, using Kodak liquid X-ray devel 
per Densities were measured on a 
Photovolt 501-R densitomete: 

Calibration interpretation. 


following 


The 


discussion describes a pro 


cedure developed for using the pre 


ceding calibrations in a systemati 
manner 
Lubration 


1953 


An examination of the « 
points for 19 weeks, from May 25 
to July 27, 1953, a total of 38 develop 
indicated that a least 


density 


mente lineal 


quares fit of versus dose 
practicable for doses of lese than 1,000 
Int 


rhe three equations obtained were 
0.0508 (1 
0.0243 2 
0.0175 3 


a 1.142 + 
Dea O.SS7E + 
Dg O.777E 4 


where Do», Deg, and Dg refer to the den 
sity as measured in ASA density units 


under the open window for gamma, 


under the shield for gamma, and under 
the open window for beta, respectively 
FE. is the dose in rep. 

The method of inferring dose from 
film-badge densities was as follow 
Che density under the shield was taker 
to give the gamma dose The densit 
inder the open window was then com 
pared with the open-window density 
that would be produced if the exposure 
had been only gamma. The difference 


ny, was attributed to beta exposure 


ind Wis read on the beta curve The 


film specification required that the film 
response be within 10% of linearity be 
tween 50 mr and 31 

rhis method also was used to inte 
film 


calibration curves were drawn 


pret densities when individual 


With the original practice of week-to 


FIG. 1. Film badges contain standard den- 
tal packets of DuPont 508 film. Aluminum 
holder provides open window for upper 
third of packet and I-mm cadmium shield 
for lower third. Al-Cd shield is sufficient to 
stop betas of <2.3 Mev 





TABLE 1—-High-Dose Chart (DuPont 


508 Film Badges) 


700 
SOO 
900 


(HK) 


9 100 
200 
s00) 
ih) 
500 


2 600 


tS Ww NM & bt bt to 


Nw Ww Ww W bo 
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> Pw. ocd 


@W The world’s first aerially-operated reactor is pictured 


s 
OF above . . . housed in the nuclear test airplane 
| 


NB-36H), designed and built at Convair-Fort Worth. Used exceptional opportunities exist in 
for extensive studies of many problems associated with 


ear-powered flight, the Convair NB-36H carries a shielded s ANALYTICAL AND EXPERIMENTAL 
SHIELDING RESEARCH 


compartment to protect personnel and precision in 


trumentation for recording nuclear data in flight. This com 
tion of equipment has made the NB-36H a veritable flying * ANALYTICAL AND EXPERIMENTAL 
ee ee ee ee RADIATION EFFECTS RESEARCH 


nu le il laboratory 


@ RESEARCH REACTOR DESIGN 


nuclear test airplane marks a new frontier in aviation 
yet it is only one of many invaluable research 


for the future already in use at Convair-Fort Worth 
Address confidential 


irborne reactor and a ground test reactor, both Convair 
inquiries to 


It, and extensive instrumentation facilities are being used MR. H. A. BODLEY 


Engineering Personnel 
CONVAIR 
FORT WORTH. TEXAS 


vide variety of studies in radiation shielding and radiation 
his active nuclear research program puts Convair 
Worth in a commanding position to attain another 


toric milestone—the building of the first nuclear-powered 


@CONVAIR? 


iintain and improve this position of leadership, men 
FORT WORTH 


ever at Convair-Fort Worth A DIVISION OF GENERAL OYNAMICS CORPORATION 


nin engineering and science are needed more urde ntly 
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sky 

iS 

our 
world 


From advanced research into the fundamental 
forces of the universe—gravity, nucleonics, astro 
physics—to the launching of man’s first stepping 
stones into space itself, Martin engineering activities 
are among the most exciting in the aircraft industry 
today 

The sk) vorld, ane iter space is the next 
frontier! 

If you are ferested wu a l fory of a 
great engines } ad fure, which includes some of 
the most adui ad proje i the research and 
development stage, ce etJ.M.Hollyday, Dept. N-10, 
The Marti ompai saitimore 3, Maryland. 


MA £4 FET A a 


Ss a ha TlimwmoeTo Re S&S 


week calibration, film-b ige exposures 
were read from a curve drawn on log- 
log paper Subsequently a chart was 
constructed based on the linear equa- 
tions, which lent greater facility to the 
routine reading of the film badges 
rhe densit ose readings described 
re the assumption of a constant 
er the range of use of the cali 
ion curve. This assumption was 
sbetantially correct for doses of one 
r less for beta or gamma radiation 
he slope would drop to about 20% 
of its value in the linear region for doses 
in the neighborhood of 3 1 In the 
ise of mixed beta-gamma exposure 
vhen the total densit on the open 
vindow amounted to 1.2 or more, it 
vould be highly inaccurate to read the 
difference in density attributable to 
6-radiation directly on the Dg curve 
rhis objection is obviated if the 8 dose 
s obtained from the difference between 
the 8 + y and the pure y densities on 
the Dg curve The density of a film is 
independent of the order of exposure to 
beta and gamma radiation (2 
series of exposures were made at 
gher dose levels to determine an aver- 
curve, to be converted into a coarse- 
ed chart, for routine use with the 
If both were read by the 
d outlined above, both could be 


together, extending the charts to 


high-dose chart’ (Table 1) 
ade from the mean of six curves 
ited each w ‘ for a period of 

eek Kach cur was drawn 
igh 7 point intervals of 0.5 rep 
The sulting chart was 


tl the chart 


ion dose ind 


1.1 rep 
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FIG. 2 


f 





(Roentgens) 





Evs AD AE for Co” 





TABLE 2 


DuPont 508 Film Exposures 





It 
Vol. 14, No. 10 - 


that 


to the neare 


we might 


dD /dE is finite for all 
erate o 


f silver formation, o1 


ge formation in the emulsion 


eal re 


Therefore, the quad 
ots and h? < 4ac, and 


lor iD 


e the 


er/p, ¢ l 
hase-fog density 


ty in ASA units 


» total density D’, also 


yrresponding to this 


ose The relations 


fe 


noted that p 


October, 1956 


Reduce your liquid handling costs! 


cals 
MeOcARBONS 


os 
enants 


There is no better way to cut liquid handling costs 
than with ‘“‘John Crane”’ Seals. They are specially 
engineered for the Chemical Industry to provide 
these important operational savings: 


GG Eliminating loss of expensive and corrosive fluids. 


2 | Positive sealing of toxics, thus minimizing need for 
costly exhaust equipment. 


EJ Substantially reduced maintenance and the man- 
hours involved. 


4 | Reduction of ‘shutdown periods" due to materially 


increased service-life expectancy over and above 
your present methods. 


Ranging from the Types 1 and 2 (for services where 
synthetic rubber is suitable) to the Type 9 (with 
sealing members made of DuPont Teflon to handle 
any industrial chemical or corrosive) ... there is a 
“John Crane’’ Seal that can be adapted to your 
individual conditions. 


Your toughest problem can be 
MAUL "John Crane's” next success story. 


Don't wait, call us now. Get our seal catalog 


Crane Packing Co., 6449 Oakton St., Morton Grove, 
Illinois (Chicago Suburb). 


In Canada: Crane Packing Co., Ltd., Hamilton, Ont 


CRANE PACKING COMPANY 


Orrices tw ALL PRINCIPAL CITIES 











fr 


ety Se J Te ee ee i Da + & 2/r)D.' q 1/H, and 
eet a , ’ tan s/p; where D, is the saturation 
density and H is the effective dose 


required to produce a density of D,/2 


» measure D, 
(an exp re of 5 hr at con 
a 10-me source of radium or 
sufficient to saturate DuPont 
Hs i least quares Ht cal ! 
In the fit made to the data 


2 the criterion 


tan D 
P I 
irbitrarily appled in order that 
veight might not be assigned to 


large values of tan D’/p a 


ipproached w/2. The first 5 
in Table 2 were selected for the 
fit D, was set at 3.10. Caleulations 


speaking of uranium milling... 7°" 4", Cl 


0.689 rep™!, and r 0.0274 
IG THINGS are going on in uranium milling and The fit to these value 
refining on the Colorado Plateau. One of the newest is t. 3 

the use of solvent extraction to concentrate uranium salts It is of some interest 


from the various ores. hen D and E in Eq 
ith D’ and E’, it become 
For the past year Vitro Uranium Company has operated 


2D. 


a pilot plant to determine the merits of solvent extraction. D! retan 
i 


Results were so successful that Vitro will expand its mill and » 


install “‘SX’’ to supplement the standard acid leaching mean of 12 weeks data (11/15 


process, with a marked increase in efficiency. 56) gives us the following 
alue lor the constants p ] Q5 s 


Vitro’s Salt Lake City mill, one of the largest independent 
custom mills in the industry, is also one of the best—thanks ndow). 0.484 hield ad 
; open windao - Sruieis » mil 
in part to Vitro Engineering Division, oldest nuclear en- 0.445 (8 


0.055: r 0.0283: and q 0.676 (7 


gineering firm, which designed and installed many of its Vieure 4 chows the variation of FE/H 


outstanding features. D/D. for two other types of film 


Do oO ch appe oO be approx 
Strategically located with respect to major ore areas, the th of which appear to be approxi 


Vitro mill carries a sufficient stockpile of uranium ores to 
insure a constant supply of raw material. It has substantial 


by the arctangent function 
include for contrast the density 

: : : : hose curve tor pol methylmethacrylate 
ore supply contracts with Atlas Corporation, Four Corners Note that thie te essentially eatu- 
Uranium Corporation and other major miners. rated by E/H = 5. The upper part 
of the PMMA curve would be fit bette 


Vitro is always interested in new ore sources and potential 
Pele’s curve fs 


suppliers are invited to contact the company. Vitro also 
It i possible to approximate the 


offers engineering and consultation to others who desire to é y 
Ope ol q 3o DY 


build new mills or install new processes. 
. p arctan q 
For information write VITRO URANIUM COMPANY, Salt Lake City, Utah 
A Division of 


qr ~ 7 


vyhere m is the average value of the 


~ ope from O to | rep. The comparison 
vives us for open-window gamma, shield 

TO CORPORATION of AMERICA eggs oi npetage pg oe 
261 Madison Ave., New York 16, N.Y. 0.805 rep slope 1.14, 0.857, 0.777 


rep respectively 





@ Research, development, weapons systems ; Thorium, rare earths, and heavy minerals 


te Nuclear and process engineering, design © Recovery of rare metals and fine chemicals Discussion of Error 


/ 
t Refinery engineering, design, construction AV Aircraft components and ordnance systems , 
Che standard deviation for the week- 


42 Uranium mining, milling, and processing Cy Ceramic colors, pigments, and chemicals 
to-week variation of p and q 18 about 
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0°? io! 102 


(Roentgens) 











FIG. 3 of data from 


Table 2 


Least-squares fit 





speed 
olymethy!i met? 
ste 


10! 





Let a 


E/H 





Comparison of various films 


ng that r and 8 are small 
edk/E trom Eq. 8 and set 
AE / I 


D dk) Ap 
- + 


i lb); p q 


We determine the error 
ty J, 
vhen the shift of p b 


lor an exposure 


caused it to be read 
the data 


onsider 


then we may sub 


‘Ap Aq 


tandard deviation of 
yy The corre 
Kat about 3 1 

5 weeks taken at 
es drawn up be 


s found to have a 
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Improved regulation 


The Mode! B83 Variable Voltage Regulated Power Sup- 
ply is an improved version of the standard time-tested 
Model A3. 

REGULATION 


«7 a 
Leclronics 
MODEL 83 

sainst load .1§ 

st line 3 
CONTINUOUSLY VARIABLE, 0 to 350 volts OC 
CURRENT: 200 milliomperes 
RIPPLE less thon 3 wv 


Either pos 


peak to peok of any current 


volts 


or voltage tive of negative output terminal 
may be grounded 


VARIABLE stob 


Continuously Variable... 
without switching 


zed bias supply 


"AME WORInGE bye 
Daales 
POW Kare 


a 


MODELS 
5-2V & 5-4V 


5-2V and 5-4V Variable Voltage Regulated Power 
extremely well filtered and regulated direct 
varied continuously without 
Maximum current output of 


Models 
Supplies provide 
current output 

switching from zero to 
the instruments may be drawn at any voltage setting 


REGULATION 


which 


may be 
500 volts 


CONTINUOUSLY VARIABLE, 0: 
CURRENT: 200 ere y v 


y ¥ 


EITHER POSITIVE OR NEGATIVE 


moy be 
RIPPLE VOLTAGE 
VARIABLE : 


2232 EAST BURNSIDE STREET 
PORTLAND 15, OREGON 
BEimont 6-9292 


MANUFACTURERS OF SPECIAL ELECTRONIC EQUIPMENT 
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FILTRATION VEWS 


Dark Adaptation Reduces 
Photomultiplier Thermal Noise 


By B. E. GORDON and T. S. HODGSON 


Shell Oul Ce pany, VU arline ( alifornia 





The development of liquid cintilla 


tion counting into an accepted analyt 


i] technique stems largely from the 


. 
Filt t 900°F work of Kallman (1), Reynolds (2), and 
er 0 eee ’ 8 The significant advan 
izes of this method applied to soft 
anywhere! ch ew 

7 

} ‘ energy discrimination 

PORO-KLEAN gives designer jus led to the development ot 


new freedom in filtering hot, — ‘ifferent 
hi-pressure fluids 


beta assay include 


and 


mplicity of sample preparation 
(;reat demand 
two 
instruments: the ngle-tube 
and the double 
Our 
“Versatile” is the word for ne behavior of photomultiplier tubes used 
KLEAN filters when it come 
micron filtration in hot spot 


tube Coline l 
data on the 


counter 


] 


cence counter 


in single-channel counting may bea 


on the relative merits of the two 
In a tremendous variety of size 

these new porous staink instruments 

everywhere pushing back the temperature and Probably the major disadvantage ol 


ingle-tube counting is the high therma 
tube 


frontiers in micronic filtration. The 
reason: PORO-KLEAN’S 


of physical properties. It 


pressure 


unique combination | noise of the photomultiplier 


higt trength | 
ign streng Where high gain is essential, as in 


ceptional heat and corrosion resistance and 
85 900 950 p00 


adaptability to a wide variety of shapes make 


it easy to apply both in industrial processing 


and in compact aircraft and missil 
systems 
For instance take the tiny preformed shape 
eylinder (1) 
all used 
micro-finished aireraft hydraulic 
dise (3) for oil filter, eylinder 


shown above, They are 
and cup with lip (4) 


on seat for hydraulic O-ring 
turbine fuel-oil nozzle cup 
diesel fuel-oil nozzle 

And, for the big jobs, y 
can get single or multiple Porno 
KLEAN units like the 54-inel 
element (below, right). It 
signed to filter synthetic pol 
mer in a chemical plant wit! 
1500 psi pressure drop and op 
eration at 550°F 

If you have a tough filter prob 
lem, get all the details on ¢ 
PORO-KLEAN. You can be 
it will fit into your de sign. Write 
The Cuno Engineering Cs 
ration, 23-10 South Vine Street 
Meriden, Connecticut 


. MICRO-KLEAN (fibre cartridge 
FLO-ALEAN (wire-weend) © PORO-ALIAN porous claintens sleet 
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hydraulic 


cup | 4 


noise be 


of the 


tritium counting, thermal! 


comes the major component 


background Coincidence counting 


does not suffer from this effect since the 


noise pulses are random and are re- 
jected in the coincidence circuit The 
liquid seintillation counter used in this 
report is a that 
developed by Rosenthal and Anger (4 


The preamplifier gain is 200 and the 


modified version of 


output pulse >().2 


lracerlab SC-1SA sealer 
DuMont K-1234 


i type 6202 selected tor 


v) 18 received by a 
The counter 
use ‘ photomulti 


eT which is 


thermal noise and high sensitivit 


Gradual Improvement 
Che initial 


t] photomultiplier was so | 
either ( 


thermal noise 


level counting of 


ritium appeared impracticable 


testing of the unit continued, perform 


ine improved as evidenced by a reduc 
tion in thermal noise over several week 
time As shown in the 
llustration, noise level in the tritium 


1,000 ¥ 


counting range ) dropped to ! 
| 


ts original value over a period of 5 


weeks This 


make the counter 


f nough to 


accept ible 


reduction is 


entirely 


Photomu tiplier Voltage 











DARK ADAPTATION of a DuMont K-1234 
photomultiplier caused improvement in its 
thermal noise as shown by these curves 


routine analytical tool for high- and 


i counting It is significant 
ith the improvement in thermal 
values there has been no loss in 
lor either C'* or tritium 
complet explanation 

not readil 
d by Be 


in glass fluorescence play 


ipparent 
uguvest rnstein (4) the 
Sa part 
ibnormally 


bright 


cel show if 
unt alter ex ire to 


However thi fluorescence cle 


th a half-life of several minutes 


re may be a longer fluorescence 


giass that lasts several weeks 


possibility is the slow adsorp 


lual gases on the photomulti 

suriace it the low operating 
ires 10 to 15° ( 

mplication of these data is that 


iderable peniod of dark adapta 


f the photomultiplier must elapse 


e reliable 
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testing of the counter 





Probably the tube volt- BIBLIOGRAPHY 
iring the period al 
oint has not been checked 
felt that no photomulti- 
| for soft-beta 
d to bright light when 


ron the 


ntendes “@Ss80\ 


manutacturer 


Counting Efficiency 
Determinations of Pa’ 





By L. D. McISAAC 
and E. C. FREILING 
i Physical Chemistr 


Radiologica 


TABLE 1—-Results of Half-Life Meas- 


y Branch urements in Pa**’ Samples 


Defense Labo- 
Half 
ured fror 


Half-life 
ned from 
lo 321 day 


from zero time 


deter 


, 
, 


on bela 

duction of Pa*** in proportional 

ng Th is exactly 
iction of Np*** in reactors 

ng U2 4 method for deter- I 

the 


reactors 
San ple counter 
analogous 


counting efficiency of the 


2 
5 
heen reported recently (1) ‘ 
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LITHIUM METAL AND ALLOYS 
LITHIUM HYDRIDE 

LITHIUM HYDROXIDE 

LITHIUM CARBONATE 

LITHIUM CHLORIDE—BRINE—etc. 


ra 


Pioneers in Lithium 
since 1901 


MAYWOOD CHEMICAL WORKS 
MAYWOOD, NEW JERSEY 


ESTABLISHED 1895 


HAWS EYE-WASH 
FOUNTAINS 


Even though summoned medical aid arrives 
as rapidly as possible, time elapsing between 
occurence of eye accidents and a physician's 
care is too often the period when permanent 
harm is done. 

Bridge this “danger period” with HAWS Emergency Eye- 
Wash Fountains that permit injured work- 
ers instantaneously to wash injurious mat- 
ter from their eyes with clear water at safe 
controlled pressure 
Available with HAWS Drench Shower At- 
tachment to form an “emergency first aid 
station” for your employees’ protection. All 
HAWS Safety Equipment is designed and 
manufactured in cooperation with leading 
safety engineers. 


Write for full details today! 
DRINKING FAUCET CO. 


1439 FOURTH STREET (Since 1909) BERKELEY 10, CALIF. 
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shown in Table 2 All beta 
made through 13 mg/cm? 


abso ber 


Pa**® Growth Method 
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VHS* RELAY 


(*Very High Sensitivity) 


Model 266 


Sample specs. ore: 
0.2 micro- 
amperes, (12,000 
ohms coil) or, 0.1 
millivolts, (5 ohms.) 


@ The VHS is a balanced 

armature, Alnico magnet type 
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mounted and resistant to 
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0.1 My. to 500 volts, self contained. Higher volts 
or amps with external multipliers. A.C. rectifier 
types. Trip point accuracies to 1%. Differential 
1%. The degree of resistance to shock and vibra- 
tion primarily depends upon sensitivity and type 
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be permanently dam 
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4A ton 3.4436 

f t Hot Springs 28 


Write for explanation of symbole 


Phone 4-3133 
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in thicknesses from 
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SODIUM IODIDE (TL) 
LITHIUM IODIDE (EU) 
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ANTHRACENE, STILBENE 
DIPHENYL ACETYLENE 


© PLASTIC PHOSPHOR 
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Special CdS Cells Have High 
X- and Gamma-Ray 
Sensitivity 








FIG. 1 Rise time of activated CdS crystal 

with and without radiation bias in a Co‘ 
By LEWIS E. HOLLANDER, Jr field of 50 r/hr. Potential gradient was 
Victoreen Instrument Comp Cleveland 0 2,000 volts /cm 


Accurate, simple, iy ty industrial contro rem il lering technique 
gamma-ray detection « i t monitoring and inter investigation 
plished with photos I ( ipplication 


Makeup of Cell 
CdS Is Best 4 photocor 
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t nenabi ond, deter 
gamma-ray spectral yo ) instrument design I I I I ol 
from below 30 ke oO al D I tudied, CdS peri ontribution 
Intensities from | to millions « Cal its high quantum efficienc uth indepe 
can be measured convenient ble temperature re 
Reliability, low-impedans Che CdS ervstals 
small size, low power consumy suthor employing a thicknes 


we gradi 


extreme ruggedne mal 7 tion method (J npurity 

detection highly desirable fo rta nt was controlled d indium ele¢ ty absorption 

gamma survey equipment, hig I rodes were applied iltra n electrode area of 0.2 em 
value for the thin rectangul 
we used Thus the gan 
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ensitivity variation from ¢1 
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ber of trapping levels present in 
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FIG. 2. Spectral response of specially prepared y-sensitive CdS cells and conven- 
tional CdS cells. Dotted curve is for conventional cells with small electrodes and 
0.4-0,6-cm thickness. Solid curves are for our cells with 0.2-cm’® electrodes, 0.1-cm 
thickness, and various thicknesses of perforated-lead filtration 
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You bashed For This! 


ELECTROPHOTOGRAPHIC 
RECORDING 
OSCILLOGRAPH 


ONLY THE REVOLUTIONARY CENTURY ELECTROGRAPH OFFERS THESE FEATURES 


Permanent instantaneous oscillograms 
Eliminates need for messy liquid chemicals 
No darkroom required 

Automatic continuous dry processing 

View oscillogram while recording 


Century's engineers are the first to accomplish the 
long dreamed-for wedding of photographic re 
cording and completely automatic dry processing 
to eliminate the need for costly darkroom facilities 
and liquid developing, rinsing and fixing. 
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the CENTURY ELECTROGRAPH is essentially a 
direct-writing recording oscillograph utilizing the 


Utilizes sensitive light-beam galvanometers 
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Traces can overlap 

Precision timing lines 
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combined with light-beam galvanometers 
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recording — when planning your instrumentation 
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quality control, process control, or any other 
analog recording requirement. 
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E(( 


Te Century Electronics & Instruments, Inc. 


1333 NO. UTICA, TULSA, OKLAHOMA 


For further information, call on our neared representative 


EXPORT OFFICE: 149 BROADWAY, NEW YORK CITY — TEL. BARCLAY 7.0562 


MIDWEST AREA 
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DAYTON 2, OHIO 
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29 46 NORTHERN BLVD 
LONG ISLANO CITY 1, Y 
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5526 OVER ST 


WO CALIFORNIA 
2015 EL CAMINO MEAL 
REOWOOD CiTY 


ARIZONA AREA 
31686 BAKER PL 
TEXAS TUCSON, ARIZONA 


SO CALIF AREA 
40 SO. LOS ROBLES 
PASADENA 1, CAL 


EMERSON 6716 TEL: 7-150! TEL: RYAN 1-966) TEL. EMERSON 66714 
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MODEL MAI0005 


MODEL D1200SAN 


MODEL 10005 


if you want 1000 VA capacity in a 
low-cost magnetic voltage regulator 
with 0.5 °°), regulation, choose the new, 
economical and compact MVR1000 
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ONE OF A SERIES depicting 


Svoripara Omwv 


in Greek means weapon )/ nd 


with che 

the Greeks develope 1 one of the earliest weapons systen 
slowly, it reached the height of its effectiveness during the Middl 
Today's weapons systems concepts are tremendously more cot 
than the ancient catapult. The swift advances of science enables 
the highly integrated engineering teams to keep pace with the cl 
Combined with a perceptive management policy, such a tean 


relatively short time can achieve a goal that once took centuri« ehnique 


itinum tf 


At Bell there is both progressive management and creative engineering r yr ho drilled 


teams. With that years-ahead look, Bell is concerned not only with , ' ider. then sol 
today’s problems but with tomorrow's successes. Backed by years of ny ful vith gold around 
successful missile development and management, Bell is now engage: pe <a 
in new projects in advanced n le design. To the creative eng os 
desiring top assignments, this is an opportunity to work on a compi 
new weapons system, For qualified Gold-Plated Bomb 
engineers with a B.S. or advanced dies of recombination of } 
degree, Bell is offering positions - serps: 

nd oxygen formed in radiol 


where a high level of professional | 
fuel solution, it was desired 


achievement may be attained 
late the behavior of the pro 
OJ 707° O74 CORPORATION 
VIBRATION AND FLUTTER ANALYSIS | CBT. moe dge > maximum bomb 








AERODYNAMICS osed reactor, LAPRE I, as closely as 

STRUCTURES on 5 mal cal 

HEAT TRANSFER $7 | A -sigillines hr datiads ties an 

THERMODYNAMICS é ist, was avail ' » LITR at 
that could | werted into 
lity was 0.825 in With this 


Contact; Manager, Engineering Personne! 
Dept. R nitation, several cubic centimeters of 


P.O. Box 1 Buffalo 5, WN. Y. il phosphate solution in 7.5M 
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be heated to 


S00" with TECHNICAL ASSOCIATES 


wad pressure had to brings you a new group 
of extremely versatile 


urement + line 


gages could ve Velr Wile), el aiiesie). mT. 


under the condi 
Because of the MEASUREMENT INSTRUMENTS 


Lad the bomb walls 


strain 


to be inserted in 

olution to give 
r the true solution 
olution, an ear! 
M. Richardson of 


hemistr) 


itor ‘ 
National Labora 
been completel 
mb, usually of 

in three pieces 
this wa i fairl 

wed out in the 
yr the constriction 


moovet o0s-5 DECADE SCALER 


This general purpose nuclear laboratory counting instrument com- 


rd high-pres ure 
Phe pressure lead 
well are intro bines extreme reliability and accuracy with unusual simplicity of 

operation. Five plug-in decade units permit a direct count up to 
high-pressure fit 199,999, without the use of external registers. Overall resolution 
e ends time is 1.0 microsecond per pulse pair. “Mono-master” single lever 
gn could be made control starts, stops, and resets count and time, thus simplifying 


vet of $1.000-3.000 operation and preventing errors 
dioactive metal, but 
corrosion resist 
«it, 


ch a cross section LS-7M LEAD SHIELD 


or too low me 
Important new model incorporates a 
into one of these “swing-out” absorber shelf and a 
the question {| 3-tray sample turntable which ac- 
sae curately positions the samples under 
Hd-plating attempt the scintillation detector crystal or 
vas a bomb phosphor. Turntable revolves, so that 
i break in the one sample con be counted, while 
the welded two other samples 
are being prepared 
and placed in trays, 
creased and thus speeding up the 


reased to the same | counting process 


e eliminated the 





thus permitted 
neice piece An 


however, would 


SCINTILLATION DETECTOR 
MODEL SD.-1 


olume serou 


the layer of liquid 





ouple well so thin Extremely versatile radiation detection instrument 

different condition for use with scalers, ratemeters, of gamma ray 

ie ait Gin: teil spectrometer systems. Can be supplied with NS-! 

Nose Shield for applications requiring extremely 

vorked out (Fig. 4 low background. Choice of 3 collimators provides 
outs and left i a wide selection of focusing, depth, and field 
Its essential fea ’ sconmng 


double-conical Write for Bulletins 


hallow conical 


the bom ad mp TECHNICAL 
ray ec ASSOCIATES 


take pressure 
instrumentation for 
Nuclear Research 
n contact with the solu 


e gold-plated, a practicable pro 140 West Providencia Avenve — Burbank, California 
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AUTOMATIC ELECTRONIC 


DECADE SCALER Wee-eeeeeceeeeee 
niet = 
for optimum speed FIG. 3. Small test bomb adapted to lining 

and accuracy 





RR 


SSS 





FIG. 4. (Top) Early ORNL design welded irradiation bomb. (Bottom) Modified 
bomb eliminates welds by means of conical inserts 


cedure in the absence of the cracks and Z | ] however, quite 
roughness characteristic of the welded practi ‘ nall test bomb 
joints of the earlier design | is likely to be cut at the 
The gland nuts of the high-pres osure¢ 
fittings tighten the inserts as well a imitation of precious-metal lining 
the cone joints of the fittings. The he difference in thermal expansion 
fittings are prevented from pressure oefficients. Since itinum expand 
welding by two conical platinum nia ‘ s steel when heated 
gaskets at each joint Later experi has a tendency to pull away from the 
ence suggests that a single platinum va In most of our experiments, the 
gasket would be sufficient if all the Dp e inside stretches the platinum 
contacting surfaces were painted with oreing it against the wall On cool 
| 


ol ing platinum | ompressed an 


Aquadag The  pressure-welding 
the inserts into the body of the bomb nd » corrugat After a 
on the other hand, is desirable ind umber of temperature-pressure ¢ 
usually occurs when the bomb is first platinum may w n and tear 
heated with the ends tightened down \! celerated te is devise 
The pressure lead (Fig. 5) is a k for such deformation A 3-1 
SPCUIFICAT INS P platinum ( ipillary tube soldered with ong bomb, with closure at both end 
gold into a stainless-steel cone joint rm ontaining wate! was subjected 
Alternatively it may be inert ars eating cycles between 170° | 
welded The entire inner end, includ | wig, and 800° F and 5,000 psig 
ing the soldered or welded joint, i jatinum re 
then gold plated, care being taken not middle of the 
to plate over the capillary opening 
About 1 ft above the bomb, the 
platinum capillary is connes 
swage fitting to a coupling 
Write TODAY to our American repre- to a stainie steel capilla 
entative for technical data on the distance from the bomb, the 
complete line eof EKCO equipment. re is too low for significant cor 


tainless by diluted 


ELECTRONICS, LTD Lined-Bomb Limitations 


tJecause of the high str 


tration at a delta seal, the 


AMERICAN TRADAIR CORP rather than the stronger platinu G. 5. Pressure lead—platinum capillary 
md City 6, Ne York ning is not recommended in bom ot in stainless-steel cone joint 
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Have you discovered 


LANDAUER NEUTRON 
BADGE SERVICE’? 


L.N.B.S.* provides monitoring for 
P 9 

personnel exposed to 0.5 to 

15mev neutrons, as well as com- 


plete gamma-beta coverage. 


We invite your inquiry 


R. S. LANDAUER, JR. & CO. 
24 Plaza 
Park Forest, Ill. 


America's Finest 
Film Badge 
Service 


A copy of this quick-read- 
ing, 8-page booklet is yours 
for the asking. It contains 
many facts on the benefits 
derived from your business 
paper and tips on how to 
read more profitably. Write 
for the “WHY and HOW 
booklet.”’ 


McGraw-Hill Publishing Com- 
pany, Room 2710, 330 West 
42nd St., New York 36, N. Y. 
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standard 1-ft-long bombs has failed 
in this manner I are subjected 
usually to only o rge temperature 
pressure cychk er experiment, and 

i dozen or so experiments there is 
usually repair work or complete ove! 
haul necessary ’ ise of damage at 


the closures 


Leak Testing of Linings 


A lined steel bomb is tested before 
use by filling with 6-12M hydrochlori 
acid and allowing it to stand for several 
hours, preferably at elevated tempera 
ture and pressure Che acid is then 
removed, treated with 30% hydrogen 
peroxide evaporated to small volume 
and made up to a standard volume 
with constant-boiling hydrochloric acid 
The iron may then be spectrophoto 
metrically determined b the ferris 
chloride absorption of 370 my (7) 
With l-cm cells and a Beckman spec- 
trophotometer 0.3 weg of iron may be 
detected 

A new bomb liner ordinarily shows 
traces of iron, either from impurities 
in the precious metal or from the tools 
used in shaping the metal The 
amount of iron thus extracted dimin 
ishes very rapidly with repeated acid 
treatments vherea iron dissolved 
from a defect the coating tends, if 
anything, to increase in quantity as 
chemical action enlarges the hole. 

When the base meta! is nonferrous, 
appropriate modification of this testing 
procedure will, of course, be necessary. 

After loading and assembly, the 
closures of test bombs are usually 


tested with a he ul leak detector 


The general pe on and advice of 
R. Philip Hammond throughout thia pro 
gram 14 grates wknowledged The 
skilled aasiatar ofow et / Schowalte 
and Ray Holmberg the making of the lined 
homba, and of mone 0 in ther 
operation waa n " ) inf in the 
success of thea ct . ork waa 
lone under the a the {lomu 


Energy Commiaai 
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Look no further — 


if you're looking for 


mate} fe), Fi. i i ae 


fused quartz 


LABORATORY WARE 


The world’s largest pro- 
ducer of fused quartz prod 
ucts can help you with your 
most critical and exacting 
needs for your laboratory 
ware 

Vitreosil® products can 
be supplied in an unusually 
large variety of types and 
sizes. Also fabricated to 
specification to meet indi 
vidual requirements 


TRANSPARENT VITREOSIL 

For ultra-violet applica 
tions, metallurgical investi- 
gations, chemical research 
and analysis, photochemis- 
try, spectroscopy and physi- 
cal, optical and electrical 
research 

Send specifications for 
your requirements. Please 
use coupon below 


THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 


18-20 Salem Street, Dever, New Jersey 


Please send technical dete on 


Company 


Neme & Tithe 
Street 


City lone Stote 
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Large Plastic Well Makes 
Efficient Gamma Counter 


By G. J. HINE and A. MILLER 


Veleranae Adminiatration H 
Boaton University Scho 


Boston, Maasachuselt 


A large plastic 
useful in counting 
contaimimng Co’ 
ample volume 
times that of the 
iodide well, while 
increased only two t 

The standard 
scintillation counts ed linmete! 
an efficient y-ray dete he 6364 DuM 
ample volume } 
frequently it mia 
5O-100-ml sample 
measurement of the 
oral dose of OF pw 
vitamin By» in patient 
having pernicious ane 
clinical test In 
excretion of B or t obtai 
aliquots of a 24-hr u bere te 
contain insignificant d ' 


) entati 
activity, especial | energ ray emitter 
is large. To avoid ¢ P f 


concentrating the urin yu ind the | 


larger aliquots is desira mate the integ: 


Some of the frequent ised : oni ’ 


nder 
, ~ (Co ‘ } ; 
sotopn 0”, Fe KN wns the ratio of Co 


maximum at 
With 


H00) eom 





HO.000 ent 


ethe ern ol 

ned per LOO disinteg 

ood counting etheren 
i ource 


Irom | 
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FIG. 2. Integral bias-discriminator curves 


40 be 


Sample 


¢ 


Volume 


Large plastic scintillator well 


ounted on 6364 DuMont tube 





(mi) 








for 80 mi of Co"’ solution and background 
of large plastic well scintillation counter FIG. 3. Variation of Co 
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counting rate with increasing somple volume 
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ENGINEER, 


tion 


chemistry 


UNIVERSITY OF CALIFORNIA RADIATION 


LABORATORY «© Berkeley 


Livermore 


Could you contribute 


new ideas to these new fields? 


Nuclear Weapons 
Nuclear Rocket Propulsion 


Controlled thermo-nuclear energy 


Particle accelerators 


High-speed digital computers 


Critical assembly and reactor research 


lhese are six of the challenging projects now underway 
at the University of California Radiation Laboratory — 
managed and directed by some of America’s foremost 
scientists and engineers. 

You are invited to join them...share their pioneering 
knowledge in nuclear research... use their expansive facilities 


.and help to do what has never been done before. 


ELEC- 
be in 


MECHANICAL OF 
you may 


YOU are 4 PHYSICIST Or MATHEMA- If you are a 
ou may be involved in such TRONICS ENGINEER, 
volved in a project in any one of these 


member of the task 


TICIAN ¥y 
fields of theoretical and experimental 
is weapons design, nue lear fields, as a basic 


ets, nuclear emulsions, scientific force assigned each research problem 
hotography (including work in the 

field of shock hydro-dynamics ) 
eaction history, nuclear physics, criti 
embly 


tor research, and the controlled 
of thermo-nuclear energy 


Your major contribution will be to de 
sign and test the necessary equipment 
which calls for skill at improvising and 


high current linear ac 


DIRECTOR OF PROFESSIONAI 


If | are 4 CHEMIST Or CHEMICAI 
you will work on investiga 
physical and 
analytical 


, LIVERMORE, CALIFORNIA 
in radiochemistry 


Please 


project 


chemistry and 
The chemical engineer is 


rticularly concerned with the prob 


organic 
ind opportunities 


of nuclear rocket propulsion My fields of interest are 
; and reactors . 
, Name 
1 addition, you will be encouraged 
plore fundamental problems of Address 
n choosing and to publish your 


in the open literature City 
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send me complete information des 


the requisite imaginativeness to solve 
a broad scope of consistently unfamiliar 
and novel problems 
And for your family —there’s pleas 
ant living to be had in Northern Cali 
fornia’s sunny, smog-free Livermore 
Valley, near excellent shopping centers, 
schools and the many cultural attrac- 


tions of the San Francisco Bay Area. 


You can help develop 
today at UCRL 


Send for complete information on the 


fomorrou 


work personnel plans and 


facilities 
benefits and the good living your family 


can enjpoy 


PERSONNE! 


UNIVERSITY OF CALIFORNIA RADIATION LABORATORY 


ribing UCRL facilities, 


State 





NUCLEAR ENGINEERING 


Effect of Fue! Diluent 


on Reprocessing Costs | 


One of the big que tior 
anyone interested in the : 
‘What make 


costs for fully enriched fue 


These cost ul 


try today is 


high?” 
mated in terms of do 
U thowse 

using slightly enriched 


whereas 


nium are estimated in 


per kilogram of urat 


the lesser amount of wu: 
fully enriched element tes 
ite reprocessing cost 
zirconium, or stainis 
the full 


make it 


diluent in 
tends to 
costly 

If the large invento 
ated with the high 
riched U** are neglected 
two major factors affect 
essing costs for fully enr 
The most impo! 
which 


diluted 


ments 
is the degree by 
uranium fuel is 
and cladding materia! 

tor is the type of diluent 
There other 


none of them is near! 


are several 
these 
Reprocessing steps. ( 
processing of irradiated fuel 
usually consists of four or { 
Depending on the type of ¢ 
process used, these at ps are 


roce 


tion, extraction, waste p 


storage, and product handling 


solution, feed preparation, ¢ 


waste processing and te 
product handling 

The dissolution step 
tacting the fuel element 
that will dissolve all of | 
the ex: 


the solution from the 


preparation step 


tralized and adjusted 
specifications for feed t« 
In the 


aqueous feed solution 


extract 


step 


an organic solvent that 
the 


leaving the fission p 
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xtraction 
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course, 1 
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ution alone 


99.0 ] 
Weight % Aluminur Fuel Element 
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Weight %U 


ement 


illoying and cladding mater 
| the 


fuel element in mjueou 


tream This waste stream goes to the 
waste-processing step while the organi 
tream is contacted with aqueous solu 
tion under different conditions to trans 


fer the uranium it is carrying back into 


in aqueous solution. Depending on 
the degree of decontamination desired 
this aqueous solution of uranium might 
go to the product-handling step or be 
ent 


additional extraction 


sent to 


through 


tages before being product 


handling 
All or any one of these steps can be 

batch or con 

The 


method ol 


Th! omplished by either 


tinuous processing methods 


mplest and cheapest 


one using only the four majo! 


te p ind continuous proce mg meth 


The cost 


} 


low-enrichment 


vis for each step difference 


between reprocessing 
1 ind highly enriched fuels 
effect ol 
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the dilution and 


Phe 
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ent on plant 
int i ing batch proes 
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is Important a 
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gy plants h 
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ik equipment dimen 
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g plants o! ta 
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How d 


ladding 
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iffect 


Example. ition of fuel 


ng and ¢ material 


essing cost can be seen by con 


pothetical fuel 
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One is composed entire] ol! 
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10% (by weight 


lly enriched ying 


ridding material other is 
fully en 
ind clad with 
Although the 
illoying and cladding the fuel has 


the U?** in all 
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iranium alloyed 
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ime properties as 
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ned that in the e 


other steps ofl process it - 
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ion products 


nto the waste 
sumption represents 
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1d i iding material 


Effect of amount of dilution. Sine 
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1 the amount of uranium 


i element pr to irradiation 
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Precision 


POCKET THERMOMETERS 
Dials 1” dia. — spike stem 5” 
18-8 stamless steel construction 
ranges as low as 40F to high 
as + SOOF accuracy “% of 1% of 


thermometer range 


General Purpose 
THERMOMETERS 


Dials 2” dia 18-8 stainless steel 
construction ranges as low as 
100F to high as + 1000F —: 


curacy 1% of range 


Model 2282 standard : 


length 8” including hub 


Model 2281 — stem lengths 2 
4” -6"-9" -12”-18"-24” including 


threads 
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ESTING Avy 
NO METERS) 


Rugged... Accurate...Convenient 
for laboratory and equipment needs 


For laboratory needs, for production testing and inspection, 

for equipment mounting . . . wherever high sustained accuracy 

and quick response are essential ... WESTON all-metal 
thermometers have been widely adopted because they are more 
convenient to use, and far more durable and economical. Cases and 
stems are of 18-8 stainless steel — standard stem length 8” — 2” 

to 24” length available on order — dials 144” dia. — ranges from 
low as —100F to high as + 5OOF. Require only 2” immersion 

in solids or liquids. Accuracy 42 of 1% of thermometer range. 

For the complete story, including data on all-metal thermometers 
for industrial use, write now for bulletin T-13. Weston Electrical 
Instrument Corporation, 614 Frelinghuysen Ave., Newark 5, N. J. 
A subsidiary of Daystrom, Incorporated 


W E 3 TO N all-metal 


THERMOMETERS 





day from the 
Thus the cost of hye ‘ uranium 
from the first fu f or f n iter olume 
tenth the cost o 
the second fuel produced 
effect of dilution i ( minum. inste: 
1% by weight of t 1 fu diluent materia! 
ment, the processing ks Che first 
for this fuel element 9 - iffecter 
the processing cost m the diluent 
first fuel element olumes of fee 
tion is shown by th oncentrat 
figure ih und_=soatrin 
Aluminum as diluent | i | hy idjusted 
generally is not the 
ing and cladding 
t? as fuel ele 
Aluminum, zireor 
teel have found 
this application 
Assume that the 
fuel element of the 
is replaced b 
this affect the cost 
I in the fuel ele: 
dissolution step of f 
num require Co 
agent to effect 


than doe in equn 


The Prices of Uranium 


As shown by 
prices rise as the fur 
crude ore to form 
These estimates of 
made recently by 
the Atomic Developme Uranium oxide 
as follows ever been announces 
Ore. The $20.7 1 Canadian price 
ou AEC's buying a f ’ [ bu 
ore For this ore 
U,O,/ton, the base 


$3.50 = $17.50. Tot 








Form of mate 
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U0, 
Natural uranium 
metal ( 6) 
kenric hed uraniun A) 4 4 1 Od) tO 


metal 





trer 


design. 


October, 1956 - NUCLEONICS 








SCINTILLATION SPECTROMETRY 
SIMPLIFIED FOR MANY USES 


The Detectolab DZ21 
Radiation Analyzer Does 


| Many Things For Many People 
2@ 


Here’s How You Can Use 
bd Scintillation Spectrometry 








@® FOR NUCLEAR MEDICINE, thyroid uptakes on | doses 


of 1 uc and high resolution scanning on | doses of 10 





THE DETECTOLAB DZ21 


uc 
@ FOR RADIOCHEMISTRY, single or multiple tracer studies. 


@ FOR RADIOBIOLOGY, accurate assay and localization 


of minute amounts of radio activity 


® FOR INDUSTRIAL RADIATION STUDIES, low-level wear 


studies 


@ FOR WHEREVER swift, accurate, quantitative measure 
ment of radioactivity is required, this complete spectrom 


DP21 DW16 DW15 eter will serve reliably and well 


Here’s Why the Detectolab DZ21 and Its DP21 Probe Does More For You 


ACCURACY—Counting undegraded, primary gamma radia 


tion reduces errors due to inclusion of scattered radiation, 
LOWERED BACKGROUND—Counting only the background in 
@ Linear Amplifier; Gain 4200, rise time 0.3 microsecond the ‘window’ reduces background readings to as little as 
excellent overload performance 1/20th of those with ‘‘plateau-operated”’ scintillation counters 
Adequate crystal shielding provides further reduction 





LOOK AT THESE OUTSTANDING FEATURES 


@ Single Channel Analyzer: Maximum window width 10% 
of full pulse height HIGHER EFFICIENCY——Larger (2) x 2°) crystals mean more 


@ Count Integrator and Count Rate Meter: to 1000 c/s counts per second per microcurie 


5 ranges, output to external scaler and strip chart VERSATILITY-—With the DW15 Focusing Collimator high con 

recoreer trast scanning of activity in vivo, with the DW16 Flatfield 

@ High voltage supply: 600 to 1300 volts positive, Collimator, fast, accurate Thyroid uptake measurement; with 
regulated to 0.1% well-erystals, assay work and impurity detection 


DP21 Probe unit: 2) x 2° Nal (TI) crystal with shield RELIABILITY——/dentical to the ORNL MSIA medical spectrom 
ng light pipe enclosed in |” thick lead shield. 6292 eter, the DZ21 and DP21 are carefully constructed of the 
photomultiplier and cathode follower preamplifier finest components for long periods of time 


@ Collimators: DW15 Focusing Collimator hes focal point SIMPLICITY—-Clean, one-chassis design means a minimum of 
at 2 from front face. At focus, transmission is 58%, controls 


diameter of 50% response is The response of the 
Send For FREE Catalog Today. Your name will be placed 


on our mailing list to receive periodic bulletins covering 


DW16 Flat-field Collimator fails off sharply outside the 


acceptance cone . 
new developments and applications in the Nuclear instru 








ment Field 














uality where it counts. 


tectolab 6544 North Sheridan Road 
inc. CHICAGO 26, ILLINOIS 
an affiliate of Borg-Warner Corporation 
Write for full details 
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PRECISION 
J DC SUPPLIES 


Complete voltage and 
current coverage for 
nuclear instrumentation 


Mod. 400BDA 500 to 5100V 
Current 0 to 1 Milliampere 
01% Line—Load Regulation 
005% per hour Stability 
Selective Output Polarity 
5 MV Maximum Ripple 


Mod. 403M 500 to 1600V 
Current 0 to 1 Milliampere 
03% Line—Load Regulation 
02% per hour Stability 
Selective Output Polarity 
5MV Maximum Ripple 


Mod. 404 


Current: 
0 to 2 ma, at 500-2000V 
0 to 5 ma, at 500-1500V 


01% Line—Load Regulation 
005% per hour Stability 
Selective Output Polarity 
5MV Maximum Ripple 


500 to 2000V 


High stability and corona-fre« 
have won a place for jf supplix 


operation 
on itie 
strument racks of leading nuclear in- 
stallations, Advanced electro: circuitry 
insures complete isolation of output from 
line transients. Calibrated controls used 
on all jf supplies. Model h 
of John Fluke DC 


supplies, since 1949 an ace 


wh repre 
sent the broad line 
epted source 
of precise DC voltages in nuclear work 


Write for data, 


JOHN FLUKE MFG. CO., INC. 


TH1t W. Nickerson $1., Seattle 99, Wash. 


Tools Jf for Industry 


Underwater Lights for a 
Pool-Type Research Reactor 


By C. J. R. WITMAN, R. G. 
COCHRAN, 

The Pennaylvania State Univer 
Universtly Park, Pa 

and R. D. RUNG 

Curl Wright Corporal 
Quehanna, Pa 


In @ BWI -poo 


reactor it is essential to idequate 


lighting on the core so as » facilitate 


and unloading f elements 


reflectors 


loading 
instrument md riou 
pieces of experimental equipment For 
afety consideration the yiit 
hould be 
equal importance is the requirement 
that any 


unit 
complete] vaterproot; of 
burned-out or damaged light 
bulbs can be replaced easil Further 
the lights should be 
30 that 


more mastructed 


the beam position can be ad 


justed A simple light unit that meets 
these requirements has been designed 
Pennsy! 


reactor 


and constructed for The 
Stats 
The 


aluminum 


Vani 
University research 


assembly is fabricated from 


tubing and bar stock and 
uses a commercial weatherproof socket 
150-watt flood 


Figure | shows two light unit 


and & outdoor lamp 


installed 
in the reactor; construction details are 
shown in Fig. 2 

The bottom of the 16-foot long verti 


cal tube is sealed by in alumi 


The 
that joins the lamp assembly to the 


welding 


num cap over the end tubing 


vertical tube is welded at an angle of 


about 20 deg Because on! tandard 


FIG. 1. 


reactor 


The two light units illuminating the 


a b 
4 'ubing 


<2 conductor cable 
Weld 


4 tubir q 


Sleeve 


Rubber 
weotherproot 
socket 


Socket holder 


Hood 


Ax 
\ 


O-ring 


Flood lamp 


FIG. 2. Construction 
exploded sectional view 


details shown in 


vA\ ol tubing on I ind were used 
one extra sleeve was required. 


threaded 
sembled at) that the rubber socket is 


The various parts ure 


squeezed tightly in place, and so that 


the flood lamp bulb makes electrical 
contact in the socket is 


contact with 


well as physical 
the O-ring All threads 
of pipe-thread type; however, a 
is used on the threads 
ure that they are 


Cilypt il cement 


to as 


\“ iterprool \ 


groove is machined inside the 


just 


tapered hood (whict partially enclose 


ck of the lamp) to contain the 
() ring \ 


ing + Compound 


coating of Dow Corn 
silicone grease on 
the O-ring assists in making a good seal 
on the neck of the bulb This method 
ol waterproofing works quite satisia 
torily since all bulb heat is carried away 
The 
tandard type PAR 38 flood lamp 


Two 2-in.-1.d iuminum 
ad to the 


by the water bulb is a 


pool 


cups ire 


reactor core supporting 


framework to support the light units 
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State Reactor, the lamps 
t below the surface of the pool 
it 4 ft ibove the top of the fuel continuous development 


In this position they are 


way from the reactot individual attention 


are not activated during 


ation; theo thay com: be custom construction 


servicing. The units 


2 Cet Gey nat Oe insure you the latest advances in 


ind are simply supported at 
tha pipe clamp; thus they Hl master-slave manipulators 
itated to put the beam of light 
ired location Keach light is 
ha 1.6-ampere fuse asa further 
precaution 
oid conflict between the lights 
lling tools when fuel elements 
fted, the long pipe extending up 
from the light assembly is rotated 
ts longitudinal axis so that the 
s outside the structural supports 
eactor grid plate. If this is not 
it, the lights can be removed 
om their sockets and held at a 





( temporarily ° 


Central Research Master-Slave Manipulators are custom-built 
to laboratory standards of precision—yet they cost no more 
than ordinary manipulators. And since each CRL manipulator 
is scheduled for a specific application, each one incorporates the 
latest proved design features. As a result, you get the benefit of 
continuous development instead of a ‘“‘year old’’ model whose 
design was “‘frozen’’ for production purposes. 

An example of original engineering is the slave-end pivot 
joint on the CRL-developed Model 8 manipulator. The new 
rounded joint was developed to solve the problem of a customer 
who required an installation in such limited space that a mani 
hand wheels at right so that samples con pulator with the originally designed joint could not be accom 
be removed through six metal plugs on top modated. 
of sate This new exclusive CRL improvement, which will be incor- 

porated in all CRL Model 8 manipulators, also makes possible 
full booting of the pivot joint where required. 

While this development may not be of importance in your 
application, it is a concrete demonstration of the fact that you 
can be sure of getting the benefits of continuous development 
when you buy a Central Research Laboratories Manipulator 
Yet CRL manipulators are competitively priced because CRL 
specializes in precision laboratory equipment. 


STORAGE SAFE for highly radioactive 
uranium slugs at Hanford operates like some 
soft-drink dispensing machines. Canned 
uranium samples are suspended from five 
large steel disks that are positioned by 


L 


Telephone or write today for 
more information concern- 
ing CRL manipulators and 
accessories, or about hot cell 


fiaboratories, inc. design problems 


Dept. 101, Red Wing, Minnesota 
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For Measuring 
RADIOACTIVE 


EMISSIONS 


63263%3.5 om 


LINDEMANN -RYERSON 
ELECTROMETER 


Was first used for photo-electric meas 


Weight 0.17 ke 


urements. Is now used in conjunction 
with ionization chambers for the de 
termination of 
Compact, sturdy, high sensitivity, stable 
zero and requires no leveling 
tance is about 3 cm 
ments developed by the Ryerson Labora 
tory. 


radioactive emission 
Capaci 


Includes improve 


PRECISION IONIZATION METER (Faille 
Design) 


A complete instrument for null 
methods of radioactivity meas 
vrements where background radi 
ation effects must be eliminated 


PORTABLE 
Projection Viewer 
for Lindemann 
Ryer son 


Electrometer 


o 


GAMMA RAY POCKET DOSIMETER 


is @ personne! monitoring instru 
ment to measure cumulative ex 
posure to gamma or x-rays over 
@ given period. Contains an ioni 
zation chamber, a auortz fiber 
electrometer and viewing system 


“CHANG and ENG FAST 
DETECTOR 


NEUTRON 


follows closely original desian of 
U. $. Atomic Eneray Commission 
Consists of twin 
chambers, 


ionization 
Lindemann Electrom 
eter, reading microscope and dry 


celis. Self contained 


Send for complete information 


CAMBRIDGE INSTRUMENT CO., INC 
Pioneer Manufacturers of Precisio truments 


3527 Grand Central Terminal 
New York 17, N. Y 








TECHNICAL ADVANCES 


Tailored Solvents New solvent 
Improve Scinticounting ©!" seek to: 


’ r i 
Mb tiqguia 


ce the solvent is the major constituen 
itis! the necessary 
high counting efficienc 
be kept below the ~0° C temp 
photomultipher noise 
Dr. Jack Davidson of Ce 


olvent tem for counting ( 


iumMpia I niy 


' ' 
dup to 20% (by volume 


math ipplications 


Specifically the ‘cocktail”’ contain 


lation energy transfer, 10% ethvlene 


ng point and 1OY% anisole which | Lue I sh thre ent 


ili sta in any mixture lated to car! is | ( \ To this lyethe 


vided the 20% yw r (or ethylene giyeol) car: 


PPO an 0.04 ° 


ent is purine sample 


POPOP itic The ethe: 


purihed ere reagent-grac micalis res 


scintillating solutes are 


olvents need to be rigo 


li 
counting efficiens 
Absolute counting efficiens j ro mm pare in 


When 


tantial quantity of water that the syste: i hold Ok 


efficiency of systems based on toluene a 


means of counting tritium-labeled 

A bonus in counting efficiency is avai i@ Cu ( olvent prepared 
ith ethylene glycol: addition of 
to 71% Ph VO! 


ol naphth lene 


ibsolute counting 


{i " 
elhicient m because of the 


nsolubilit 


value in the 


Zone Melting for Zone melt 
Uranium Purification oduction 


ipure semiconductor materials, is 


! possible itomic-energy ipphlica 
tions At Sylvania Elk side | ratories : up Ul B. Holden 
| 


has tried purifying and repro ing wuium Zone rheir results are 


not going to revolutionize th CESS bu 8, but they hold the promise of 

pecialized application 

In purification stucic like Co, Fe, Ni. and Si 

educed in concentration 200 ppm to 20 ppm, in a ty 

in involving nine passe he melted z moving at 1 in./hr This impurity 

neentration could be idditional 
In reprocessing studi i nary 

U metal irradiated to 3 d é 60 « 

takes place after two pa 

it the two ends Howe 

to the surface where the 

fission products are slags 

molten zone, in the othe 

l) specimen rhe first 
nnique H M Feder 
| specialized appli: 
oved effectively by 
Phi if { ircl Wii 

V. Compton, and R. B 


‘ 


Non / 
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APPLIED RADIATION 


McDonnell Marks Scintillation counters and Cs 
Tools With Cs!*’ tools left inadvertently in aircraft fuselages at the 
McDonnell Aireraft Corp., St. Louis, Mo. Enecapsu- 

ces embedded in tool bodies are not strong enough to endanger per- 


help engineers to find 


et scintillation detectors are sensitive enough to permit untrained 
to locate complete tool inventories hidden for test purposes in un 
familiar hulls 
Nuclear Cor nts, Ine., supply 
hl Lb Ys the sources | ire sealed metal 
° ; 4] cylinders, 44 > n, in size, contain 
ing 1-6 we of the Cs They are 
placed in tools | lrilling a hole, in- 
serting the cylinder, and welding it in 
place. Cs'*’ is appropriate for the pur- 
pose because of its 37-yr half-life, the 
662-kev gamma of its Ba daughter 
and its cheapness 
Tools are marked at a cost of $3-5 
each. The portable scintillation su 
vey meter shown in the photo is an 
NRD Model CS-10 with a ruggedized 
probe. It is sensitive to as little as 
0.0002 mr/hr and costs $650 
e strength of the sources is less than the maximum of 10 we allowed under 
cense by the AEC for Cs!” 


| to indicate their radioactivity 


However, as a precaution the tools are 


How does one test for leaks around the casing shoes of 


109-min A*' Seeks 
Gas-Storage Leaks injection wells leading to gas-storage fields 1,750 ft 
underground? The problem faced the Natural Gas 
Storage Co. of Illinois at their 1.3 * 10°°-ft*® storage field at Herscher, Ill. Tracer- 

neers J. Kohl, R. L. Newacheck, and EF. kb. Anderson developed a method 

for leaks around the casings.* 

ise the most convenient tracer, radioargon, it was necessary to solve prob 
ociated with its short half-life (109 min The following schedule per 


| the use of argon irradiated at Argonne National Laboratory some 60 miles 


im temove A*! from reactor 1470 
00 noon Place injector and detector 
in well 356 me 
Open injector valve 286 mu 
Close injector valve (186 me injected: remainder stays 
in injectior 


Conclude test 27 me (inje 


gon was irradiated in a 90-cm' capsule, At the t« te it was trans 
to the injector tank at 2,300 psi. When the injector 
an automatic timer took over control of its valve. The 


suspended above the injector to detect a flow 


s lowered to the 


tracer up along 


A slight flow of gas into the maintained and 


of the shoe 
reversed to make sure the tracer was still | it: 27 tests showed 
of leaks in the 20 wells involved 
tests had shown the sensitivity he 1 od. It was further 
vhen the detector indicated a flow of gas porous material 
t of 12 ft above the bottom of one of the shor 
bstitute for the tracer that had been included in the original plan 
Br**-labeled methyl bromide, which has been used in Britain and 


to test pre asurized casings Another tracer that has been used in gar 


AIME, 204, 213 (1955 
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THESE EXCLUSIVE 
“CONTAINED” 


Teflon 


MAKE KONCENTRIK 
EXTRA SAFE FOR 
HIGH PRESSURE 
OR VACUUM USE 


No other tube fitting gives you this 
positive protection against costly, 
dangerous line losses because only 
Koncentrik incorporates the “con 
tained” Teflon seals! These Teflon 
rings compress into all surface irreg 
viarities. as the fitting is tightened 

to provide an extra sealing action 
that is vacuum tight. You get a metal 
to-metal and a Teflon-to-metal seat 
when you specify Koncentrik! Another 
important point is that no shear-action 
ferrule is used which might cut, weaken 
or work-harden the tubing. With 
Koncentrik, the full wall thickness of 
the tube is maintained to insure peak 
safety in operation. Your copy of our 
catalog covering over 2,000 fittings 
in Stainless, Nickel and Monel is ready 
for mailing. WRITE FOR IT FODAY 


THE SPECIAL SCREW 
PRODUCTS CO. 


Bedford, Ohio 


= 

















BOOKS 


Progress in Nuclear Energy. rs of solution 

Series |: Physics and ch about 90 

Mathematics rang 
Edited by R. A. CHARPIE, J. HOROWITZ, D. J 

HUGHES, and D. J. LITTLER (Pergamon Press Lid 


London, and McGraw-Hill Book Co., Ir New 
York, 1956, x + 398 pages, $12 


Keviewed by Iny j 
haven National Laborat " sportant 
York 
of method 
As a result of tl ‘ ‘ menta tucdis 
ference on the Peace 
Icnergy, nue lear re 
with the other bra 
gineering, has becon 
field of scientific res 
international literat 
oped of which the bool 
is an excellent example hor esting n example 
made up of review articles t! ( Russi iking in 
ate, combine, and extend f i iH. Hurwitz 
most important and u " ivrize theoreti 
presented at Geneva ork on highl 
The articles are ediate-energ 
dealing with basic ni or} book hould 
physics, and those or THe ) l j elerence 
The articles of the fi 
excellent summary b urvé oO come 


J. KE, Sanders of data or ‘ } re to be congrat 


tions and neutron yields o ef cy and speed with 
and Pu **, a detailed sur ry | \ arr It hoped tl 
Kgelstaff and D. J. Hug of ( umes of the series will maint 
nance structure of | I ’ lards set by this one 


and a theoretical ana 


Bethe of neutron resonance ( , . 
a a Solid State Physics, Vol. 2 
materials, These three a ( ' 

tute an authoritative revi prese Edited by FREDERICK SEITZ and DAVID TURN 
knowledge of the properti« BULL (Academic Press, Inc., New York, 1956, xii 
. 466 pages, $10.00) 

materials that are of the 

le ri Reviewed | J. H. Craw 

ite Divisior Oak Ri 

t Oak Ridge, Ten: 


terest to reactor « 
Techniques for measu 
nonelastic neutron © 
treated by L. Cranberg ; From the standpoint of 
L. Rosen, R. F. Taschek, a te physics may be cor 
S. Bernstein and FB. ¢ . hd i ield of stud Hloweve recent 
the beautiful work done | , lore effort in this area has been yrmous 
National Laboratory or ro | the topics of subspe 
tion of the fission-product ”) ! nerous that the probl 
Resonance capture integra i broad backg 
by R. L. Macklin and H. 8. Pomerar the dh issumed 
and the available info 
delayed neutrons 
G. R. Keepin ries ibout ty 
The second type of ‘ , been designed 
sented by four import ‘ n iuthoritative at 
perimental and the of the mo 
physics. Dixon Callil t es of the subject 
Ridge National bo pres hope thereb 
and analyzes 
homogeneou criti 


cluding measuremer 
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KILOCURIE 


COBALT 60 


SOURCES 


for Research and Industrial GAMMA-IRRADIATION 


Cobalt “SLUGS” serve as convenient “building blocks” permitting easy assembly 
of desired source configurations. 


Using the “building block’’ technique, Cobalt 60 SLUGS can be assembled in 
cylindrical, rectangular or linear forms. The individual SLUGS are Cobalt rods 1” 
long and %4"’ diameter clad in Ye’ aluminum. 


As a source of high-intensity ionizing radiation 
Cobalt 60 has these advantages: 


e highly penetrating — uniform dos- completely dependable and pre- 
ages can be delivered to thick dictable. 
materials even after packaging for 


shipment. can operate under high tempera- 


tures and pressures. 
high intensity of radiation—millions 
of roentgens per hour can be readily 
produced. 


as durable as a simple piece of 
metal. 


negligible maintenance — nothing Proven to be economically com- 
to wear out or break down. petitive. 


An experienced staff of engineers and physicists is available on a 
consulting basis to design and set up gamma-irradiation facilities for those 
who require this assistance. A letter or call will bring further information. 


ATOMIC ENERGY OF CANADA LIMITED 
COMMERCIAL PRODUCTS DIVISION 
P.O. BOX 93 OTTAWA, CANADA 
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TRITIUM 


LABELING 


SERVICE 


RESEARCH SPECIALTIES 
CO. is proud to announce 
that its expanded laboratory 
facilities now make it possi- 
ble to provide a complete 
service for the labeling of 
complex molecules with H? 
by RECOIL methods. This 
technique is applicable 
where conventional synthetic 
routes are either too ex- 
pensive or impossible. 


In writing for further infor- 
mation state: 1) the com- 
pound desired, 2) minimum 
specific activity, and 3) total 
amount needed. 





We will gladly put you on our 
mailin list for the RSCo 
REVIEW; we feel certain that 
you will also be interested in 
the glassware and specialized 
laboratory apporatus manu- 
factured in our own shops —— 
e.g. micropipettes, tube Restore, 
nuclear counting accessories, 


een 
Please send me the follow- 
ing literature free of charge: 


Tritium Labeling —_____ 
cl4 Compounds 
RSCo Review senineniiinial 


CO —————E 
WOR centres 
Organization — 
a 
City 








RESEARCH 


] ad A OL On | = OL OF 


2005 Hopkins Street 


Berkeley, 





California 





the most fruitful applications of neu- 
tron diffraction, 


structure determinations in antiferro- 


namely, magnetic 
magnetics and ferrimagnetics 
The paper by de Lunay on specific 
heats and lattice vibrations offers little 
that is new. However, this well 
written review finds an important place 
in the over-all scheme of these volumes 
in that it is a concise, lucid account of 
both theory and experimental results 
in 4 most important area of solid-state 
physics 
The final paper is a revi 
tively recent area in the study of solids 
that was born of nuclear reactor tech 
Init F. Seitz and J.S. Koehle: 
the state of radiation effects in 
particle 


bombardment As the title Displace 


solids resulting from nuclear: 


ment of Atoms During Irradiation im 
plies, that is not a general review 
Rather it is concerned primarily with 
the theory of atomic displacements in 
solids and quantitative correlation of 
theory with radiation-damage experi 
ment In preparing the review, how 
ever, the authors touch on most of the 
important aspects of radiation effects 
in all classes of solids and the excellent 
list of references make it valuable gen 
erally as well as within the confines of 
its specialization. 

lo add to the usefulness of the vol 
ume as a reference work, the editors 
have included both author and subject 
indices 

In the opinion of this reviewer this 
volume would be a valuable addition 


to the reference library of all those iu 


terested in solid-state ph sics, and he 
trusts that the future volumes will be 


equally valuable. 


Reactor Shielding Design 
Manual 


Edited by THEODORE ROCKWELL il 
(McGraw-Hill Book Co., New York; D. Van 
Nostrand Co., inc., Princeton, N. J.; and Office 
of Technical Services, Department of Commerce, 
Washington, D. C., xii + 465° pages) 

Designers will find this 


Orie one 
N ival 


Reactors Branch, of great usefulness i 


ola series sponsored by A} 


engineering practical shields for ren 
tor It explains methods and data 
actually used for naval reactor ind 
the Shippingport Pressurized Water 
l ctor-—the first large reactor for 
utility power generation in the U.S 
Shield design often is taken for 
granted in the belief that it easy to 
stack enough material around a reactor 


to attenuate the radiation i to 





RADIATION INSTRUMENT CO. 


MERCURY PULSER 


Featuring Versatility and Precision 
$1250 FOB PLANT 


MODEL 401 


SPECIFICALLY 
DESIGNED 
for the 
NUCLEAR 
PHYSICS 
LABORATORY 


FAST RISE AND EXPONENTIAL DECAY SIMULATES 
SCINTILLATION, PROPORTIONAL OR GEIGER COUN- 
TER PULSES FOR TEST AND CALIBRATION OF AMPLI- 
FIERS, PULSE HEIGHT ANALYZERS, SCALERS, ETC 


Rise time: less thon 0.003 microsecond 

Decay time: selector switch for 1, 10 of 100 
microsecond RC decay 

Pulse amplitude: 1 mV to | V in 10 steps (from 
interna! supply) 

Provision for external battery for pulses up te 45 
Volts (continuously variable) 


Provision for calibration by external potentiometer 

Polarity switch permits selection of positive or nego 
tive pulses 

Output contains only pulses of desired polarity. 


Latest improved Western Electric mercury relay 
Repetition rate 3600 pom 


Precision Resistors throughout for high eccuracy ond 
stability 


Stable mercury cell, protected by AC relay, lasts for 
shelf life 


RADIATION INSTRUMENT CO. 


?.0. BOX 733 SILVER SPRING, MARYLAND 


OVER 
20,000 
CHEMICALS 





DELTA CHEMICAL WORKS, Inc. 
23 West 60th St yee & 
if 
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tire system of a power re 
do it within limitations 
me, function, and cost re- 
engineering This book 
eld engineering 
is presented in about the 
1OlUOWS 1D designing i 
raightforward presenta 
ith references to where 
been encountered and 
helps get 


ross and aids in self 


been solved 
| help in pointing the 
efinements and simpli 
ticing designers of reac 
equipment, as well as 
engineers coming 
find the manual a 
olving shielding 
methods described sig 
ng-point in the philosophy 
i) shields can be de 
thout building costly and 
ing full-scale mockups; (b 
niques that have theoretical 
n to be of little practical 
ered include: shielding 
vable radiation levels, re 
melding, cooling-system 
int layout, shutdown ra 
t effect of shield irregulari 
| effect of geometry of radiation 
4 concluding chapter pro 
ellaneous data and calcula 
iseful in shield design 
yughne and practical na 
manual is illustrated by 
Shield Engineering. It con 
es of a number of possible 
compares effective 
materials for shielding 
ibes fabrication, instal 
operational testing, and 
how to use commercial 
onvert calculations into 
nature ol 
reflected in 
certain parts of the 


, 
ce eloping 


og’ Is 


he manual In the 
there : 


wedures whicl 


ground 

s of shield irregu 

in ex imple Future 
be more complete 


cet igh 


disposition 
roducts throughout 
selection of dose 
shield contouring 
problems such as 


/ 


rt ind 
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che per 


scattering 


@ Compact, convenient, accurate 


@ Operates on a single flashlight cell 


@ Weighs only 2 pounds 


@ Beta or gamma by twist of a knob 
Two ranges:0-25 mr/hr, O-1 r/hr 
Accessories to multiply or divide 


both ranges by 10 


Curtiss-Wright 
RADIAMETER 


The Curtiss-Wright Radiameter is a 
radiation survey meter designed especi- 
ally for health physics and industrial 
hygiene applications. Using a unique 
inverted triode circuit, it performs func- 
tions usually requiring two instruments. 
The lower scale provides high sensitivity 
for decontamination monitoring. The 
high scale measures stronger radiation 
fields usually requiring an ionization 
chamber type instrument 

Where other radiation survey meters 
require several expensive and hard-to- 
find batteries, the Radiameter is powered 
by a single inexpensive flashlight cell. It 
is easy to handle and slips readily into a 
suit coat pocket 

Having the appearance of a light meter 
or camera, it attracts minimum attention 
from plant personnel during safety 
checks. The one-piece cast aluminum 
case is light in weight, but extremely rug- 
ged and waterproof. The Geiger tube or 


battery may be changed in seconds and 
without tools. Controls are simple, even 
for non-technical personnel, and the 
meter is easy to read 

Accuracy is +10% of full scale on 
both scales for energies from 50 to 1,200 
kev. The Radiameter is useful for moni- 
toring energies as low as 15 kev. In the 
presence of radiation of high intensity, 
the instrument does not overload but 
continues to read off-scale. It can be 
zeroed even in a strong field. Its fast 
response permits monitoring x-ray in- 
stallations turned on only momentarily 
Battery life is long—approximately 140 
hours 

Available accessories include a probe 
to multiply sensitivity by 10, a tube to 
divide sensitivity by 10, an alpha tube, 
a radium calibration source, a push- 
button on-off switch, and an attractive 
leather carrying case. Write for details 


Component and Instrument Sales Department 





CURTIS 


CORPORATION 


S-WRIGHT , 








etiol ind perhaps bette 
a of analyzing the balances 

vector shielding and coolant 

paperbound editiol 

om the Department o 


aiff from the hardco 


commercial publishers in 


* it re 
have indexes and their bind : 
the task of opening page 

Other books in the series by the > 


teactors Branch inelude Metallurgy 
Zirconium “The Metal Ber 


um Bibliography of Reactor Com 


AT puter Codes and the familiar ° Liquid 


Metals Handbook”; in preparation are 


HANFORD Corrosion and Wear Handbook for 


SAVANNAH W iter-( ooled Reactor \ i} he 
ct Physi Design Manua Re 
RIVER ctor Core Design Manua Hafnium 
NAVAL Handbook té ctor P int ‘ 
RESEARCH LABS ae and “ Reactor Heat 
fer andbook,”’ 
IDAHO FALLS 
LIVERMORE Nuclear Fuels 


CINCINNATI By DAVID H. GURINSKY and GEORGE J 
DIENES (D. Van Nostrand Co., Inc., Princeton, N. J 


OAK RIDGE xviii + 364 pages, $7.50) 


juge mass of nucieat 


Defriv: a simulated map war game 
involving defensive operations 
sacha’ at the 108K Geneve Con! along a river line under conditions 
: of simulated atomic warfare. Map 


inestimable potential battles, fought by groups of field- 


incing the produc tive use 


heck these nerg sut the value of tl 


7 ’ in it Unt ind the 


experienced officers, evaluated by 
a team of scientists and officers, 
improve our Army’s ability to wage 


| 


book sueceed in clear modern war—-a typical example of 


the work of Combat Operations 


Sharp Definition and Clarity |  vochatim record into 
True Color d and useful status repor 


dof reactor fuel 


Complete Reliability Che volume is one of 
esenting, in the words of the serv 


No Operating Cost siilae Sanhen ©). @ectensh naterial 


mt urgent uselulne in a form 


Research Group 


> PHYSICISTS 
> MATHEMATICIANS 
7 and other SCIENTISTS 


vould cover a specific subject 


ind include the ke papel! litabl 
will find in CORG a small but 


edited to eliminate duplication . 
growing research group, with free- 


Available with 


ondary material, and arranged 
these custom features: 


' es dom to think and limitless creative 
i Manner Che othe hi 


SELECTIVE MAGNIFICATION opportunity. Varied scientific dis- 


REMOTE SCANNING 

WIDE FOCUSING RANGE 
"NON - BROWNING" OPTICS 
BUILT-IN RADIATION SHIELD 
INTEGRAL CAMERA ADAPTER 
MICROSCOPE RELAY 
BINOCULAR EVEPIECES 
UNDERWATER DESIGNS 


er raw materials explo ciplines, good living conditions, 


and all usual benefits, make CORG 
a “good place to work.’’ Find out 


earch reactors, power reacto 
ilet ind radiation’s role 
riculture, for yourself 
Phi volun on reacto 
NOW: positions avail- 
able either in California 
or at Fort Monroe, Va. 


roaches the ubject in 
etallurgy of uranium 
diation eflects on tuelis 


neering aspects of using 
for informalion, write to: 


Dr. F. C. Brooks, Director 
COMBAT OPERATIONS RESEARCH GRrouP 
Fort Monroe, Virginia 


TECHNICAL 
OPERATIONS 


INCORPORATE DO 


iquid forms 

ce it is the key facto 

roduction of uranium 
Send for Bulletin 301 : oe oes 


wl for reducing ul 


leads on the dex 


: = 
« HCODg BL ANGDERGS EN 
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metal preparation 


netallure lo place 
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te p in perspec tive 
Northampton, Massachusetts 
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og detail 
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They 
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d fuel system 
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{y problems 


ol Sper ific 


irably suitable as a 


reactor fuel 


the 


ertain to prove useful to 


on to 
iar with reactol 
rners in giving them a fuller 
ol lactors important to 
r of the heart of a reactor 
truly fulfills 

it “‘will prove useful 
to the 
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specialized 
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SIMPLIFIES 
AND IMPROVES 


THE ZZece VICTOREEN 
CONDENSER r-METER 








PRECISE RADIATION MEASUREMENT 


poorer ee rr 71 


The newly designed Model 570 Con- 
denser r-meter now takes its place 
beside the accepted standard of 
measurement of X and gamma rays 

the Victoreen Model 70. Notewor- 
thy mechanical simplification and 
improvements result in specific op- 
erating advantages. Among them are 
convenient 110 volt operation, elim- 
ination of trial charging approxi- 
mations, and absence of temperature 
correction. 


Thimble chambers for many con- 
ditions of energy, intensity and to- 
tal dose are interchangeably used on 
both models. Intensity ratings are 
tripled on the Model 570. Complete 
iaieden may be obtained from 
catalog 3043. Ask for it. 
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FEATURES 


Convenient 110 volt operation 
(220 V on request) 


Rapid, sure zeroing — 
no trial approximations 


Illuminated, dual linear scales 


New, rugged electrometer 
string suspension 


Interchangeable ion chambers 


Built-in light indicates opera- 
tion and de-humidifies too 


Lightweight, compact, and 
portable 


SS EE ce cee ee ll 


INSTRUMENTS DIVISION 


The Victoreen Instrument Co 


Z38O2 PERKINS AVE. 


CLEVELAND 14, OHIO 





still a lot of problems to be 
solved in the design of any But the 
difficulties are multiplied many fold when it 


comes to developing a practical nuclear 


There are 


reactor 


aircraft engine. Shielding, weight limitations, 
other factors make it one of the toughest 


engineering problems of today 


who wants 


s? Are 


Are you the type of engineet 
ntal abilitic 


you 


a challenge to his m« 
looking for an opportunity to do original, 
creative thinking on an outstanding 


le 


engineering team where new ideas are 


encouraged? Then we may have an 


interesting, profitable future for yuu here, 


particularly if you are an 


AERONAUTICAL ENGINEER 
CHEMICAL ENGINEER 
MECHANICAL ENGINEER 
ENGINEERING PHYSICIST 
METALLURGIST 
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A few of the many 
personal benefits . . . 
@ New higher salary 
levels 
® Association with 
engineers and scientists 
of recognized ability 
@ Nearby R.P.1. graduate 
school for advanced study 
@ Suburban living in 
central Connecticut 
@ The prestige of an 
internationally known 
growth corporation 

~*~ * ® 


Pli as¢ 


resume 


send your 
toMr.P.R 
Office13, Employment 


Department 


PRATT & WHITNEY AIRCRAFT | 


DIVISION OF UNITED AIRCRAFT CORPORATION, EAST HARTFORD 8, CONNECTICUT 


World's foremost designer and builder of aircraft engines 


Smith, 
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Harpe ind Brothers 
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Pulse and Digital Circuits, by Ja 
Millman and Herbert Taub (MeGra 
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Irradiation Colours and Luminescence, 

by K.P Pergamon Press, In 
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of translation 
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ind, in the 
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cusses physical methods for 
tudying the phenomena and the theo 
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implication The second part 


natural coloration of minerals, is con 


Analog Computer Techniques, )b 
Clarence | Johnson \ieGraw-Hil 
Book Co.. In New York 
264 pages. 86.00 Thi 


1956. x) 

book is In 
tended to help those learning to operats 
lectronic analog computers. After an 
introductory discussion of analog com 
material is presented on prob 
other than 
how to 


putation 
ordinary differential 
equations results ina 


repetitive inalog 


Vacuum-Tube Circuits and Transistors, 
Lawrence B Arguimbau 
rd B. Adler (John Wiley 
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New York. 1956. ix + 646 
Written to provide a 
lerstanding of circuitry, this 
not require the reader to 
etronics background. Two 
chapters give a brief de 
ccuum tubes and two give 
transistor operation 


hapters cove! basic eireuit 


ALSO OF NOTE 


The McGraw-Hill Encyclopedia of 
Science and Technology. This en 
edia, scheduled for completion in 
contain several thou 

some 7,000 pages and 

lumes It is to be a 

ol basic smentifi 

linformation. Read 


be at the college 


The Petrified River—the Story of 
Uranium. Tl 28-min, 16-mm, color 
by Union Car 
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Bureau of Mines It 

uranium inthe U.S 
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radioisotopes. Send 
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Radiation Hazards: Atoms-for-Peace 
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hlet urve the political and 
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briefl considered 

| Review Service, 15 Wash 

Vew York 8, N. Y., 82.40 

S. Electronic and Chemical Patents. 
Service to Klectroni 

il vU. 8 patents per 

components, cir 


i competitive data 


imonthly; informa 
ibetical by prod 


ppl itior et 


ih 
ists ol assignee 
numbers In 
line 1108 16th 


D f 8) 0 


Vol. 14, No. 10 - October, 1956 


EW// Multi-Purpose Scintillation 


Detector With Optional Accessories ... 


Cc 


nr 


Optional accessories include (A) 4", (B) 4", and (C) well scintilla- 
tion crystals. Large lead collimator (D) provides exceptional side 
shielding, accepts 20° flat field collimator (E) or special focusing 
collimator (F). Alpha and beta phosphors (G) are interchangeable 
with standard 1” crystal, 


FOR USE WITH STANDARD SCALERS 
OR GAMMA RAY SPECTROMETERS 


Standard probe is quickly converted into 
@ scintillation well counter by changing . . > 
crystals and adding inexpensive base Nuclear-Chicago’s new Model DS-5 is the first 
eee completely self-contained scintillation detector 
designed for basic counting or for the revolu- 
tionary techniques of gamma ray spectrometry, 
“pin-point” depth focusing, or source scanning. 
This is a unique instrument—providing un- 
matched performance for your present require- 
ments and quickly convertible to the many new 
applications you'll face in the future. The most 
Easily accessible switch in hou advanced scintillation counter on the market, 
for anther er vatemen? wee te conese ©6the new DG-6 is inexpensive, reliable and easy to 
ooo, Culpet lor gamma ray see operate. Write today for detailed specifications. 


SPECUPILICATIONS 


Crystal— Normally supplied with 1” x 1° NalI(T1) crys- 
ta Other size crystals and »yhosphors optional i" x 
1'4" lucite light pipe. Cry: tal can be exposed directly 
in path of radiation 

Phototube — Du Mont 292 protected by a magnetic 
shield 

Shielding—Internal {" x 3° lead ring. External lead 
nose provides l or more of lead at sides Acceptance 





angle at rear is less than 25°, 

Amplifier— New one-tube feedback amplifier provides 
gain of two and cathode follower positive output for 
spectrometer use; gain of 10 with negative output for 
normal use. Band width sufficient for 1 microsecond 
resolution. Provides pulse height limiting for spectrom- 
eter use 





Operation (with 1° x 1" crystal Plateau: 250 volta; 2% 
slope /100 volts. Background: Crystal exposed —1250 
cpm; with lead nose 160 epm; with additional colli 
mation 95 cpn Detection efficiency (1 microcurie 
] at 10 cm 1400 cpm Response Curve to i"! 


gh ’ nuclear - chicago 


NUCLEAR INSTRUMENT AND CHEMICAL CORPORATION 
235 West Erie Street, Chicago 10, Illinois 
LEADERS IN MAKING RADIOACTIVITY COUNT 

















PRODUCTS AND MATERIALS 


Leakproof 
Valves for 
Water-Cooled 


Reactors 


By JOHN P. THOREL 


Westinghouse Atomic Equipment 


Pittsburgh, Pennayloania 


wetor sys 
two 


Hydraulic 
tems differ 
requirements 


component ni A r re 


from standard co in| j in basic 
First, corre 


to insure proper operatior 


inert materials 
minimize the 
the fluid 


possibility of introducis orro in 
to the 


Second, components must ikprool 


ambient. This brings m resent packing 
and gasketing will not fulfill th 
siderations 


withoul 


ntroduce eon 


reliability 


The corrosion problem 

1. Materials must provide may 
periodic inspection 

2. Dissociation of water rea 
| other dece 


] 


tor radiation provides a 


constant source of oxywen at mposition products 
for corrosion processé Concentration of dissolved oxygen 
is an important factor in steel corrosion 

3. If appreciable continuou corrosion | 


dered to 


possible, remoy\ al 


of the corrosion product must be con minimize 
n high-flux zone 


that 


deposition on heat-transfer 
4. Materials should be 


such additives as corrosion 


iter contains 


to control 


excess reactivity 


attack 
The ‘ 


tural n 


requiren 

etal 

with | 

base allo 

ed 

the commercial star 
T he second ba 


Impose difheult ade 


been mproy sO UI 


opel ible by some 


protruding through pac 


gaskets do not meet 


developed for thi 
Canopies, OF omega 


panying drawings 


mechani 


that a completely enc! 


Remote control. 


draulic « peration 


il operation f 


FIG, 1 


loop of submarine reactor 


Main stop valve_for primary cool- 
ant Flow of 
high-pressure water through F or G raises 
or lowers piston K. Stem L transmits motion 
to plate N that holds two disks M. Spring 
holds disks against seats T. Four spring- 
loaded latches D mate with part U or corre- 
sponding one farther up on shaft to hold 
valve open or closed 


ite man common struc 
made ol ess steels along 


ch as stellite nd other cobalt 


manufacturing procedures have 


mall fraction of 


ement, complete leakproofne 


onsiderations Most valves are 


cal mean ittached to a shalt 


vailable packings and 


i! Peince a 
requirement, seal welds have been 
ye Representati e designs are 
mnfigurations, as shown on the accom- 


How er, these do not 
f the 


1] 
allow cirect 


the bod) 0 


valve trom out le 


sed operating system must be devised 


tems suggest themselves: | 


ind magnetic control 


FIG. 5. Check valve (left) to pre 
vent back flow through inoperative 
pumps has swinging disk 
Forward flow swings disk D open 
When flow stops, disk closes under 
Back pressure seats it. 


freely 


own weight 
Segmented shear ring A, keeper B, 
and welded canopies C secure cap 
and prevent leakage 


FIG. 6 


(right) has stainless-steel cap K to 


Manually operated valve 


trap leakage Pressure relief J is 
jsed before removal of cap 
Locking cup 


movement 


Seal 
at L is gasket or weld 
accidental 
Stainless-steel O-ring M provides 
additional sealing when cap isnot 
welded 
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FIG. 4. Poppet operates by control of 
pressure above piston P. Solenoid S 
lifts plunger C opening pressure-relief 
channel through piston. High pressure 
below piston forces it up to open valve. 
When solenoid drops C, pressure builds 
up above piston and with spring F 
closes valve 


FIG. 3. A-C-controlled 3-way poppet is designed 
so that supply pressure does not tend to move 
stem in normal position with cylinder line closed. 
Energizing coil G causes armature A to move down 
and strike stem. Impact moves stem to bottom of 
stroke to close exhaust line. Current holds stem 
down, but when it is interrupted, spring returns 
valve to normal position 


FIG. 2. Fail-closed valve is operated by 
high-pressure water in auxiliary loop at 
E and F. This raises or lowers piston D, 
which in turn moves disk M to open or 
primary channel. Spring N_ pro- 
failure of auxiliary 

shear ring 
L is position 


close 
vides closure on 
supply. Assembly employs 
and threaded keeper B. 


indicator 


soth allow valve operation over the complete either manual or poppet valves shown elsewhere in the 


essure, temperature, and corrosive properties of irticle Indicators H on top and bottom activate coils for 


controlled remote indication of position This valve weighs about one 


lraulic system is more cumbersome, but it lend ton It stands between the reactor outlet and steam gener 


and 
from fluids at 


he operation of larger valves. Usually a small itor and controls 5,300 gpm of pure water at 2,500 psig 
a small amount of control fluid to a 150° | 
This is introduced temperatures from 40 to 600° F, 
A small An 
17,000 gpm at 2,500 psig and 500° I 
about 3 ft 
(NI 


evlinder opel ited globe alve 


It can stand the thermal gradient 


ump raise 


ghtly above system pressure 


the piston to operate the valve Is-in. valve of similar design is being made to handlk 


helow 


d-operated valve controls this high-pressure fluid in the Shippingport 


quickly port to port, 7 ft 


reactol This valve Is wick 


without solenoid valves high 


developin reversible pumps to control 


and weighs 245 tons July '56, p. SS 


perated valves 


Figure 2 shows a l-in 
Phis 
made of Stellite 3 
Leakage past disk and piston is pre 
The 


steel, and the spring is Inconel X 


romagnetic control consists of a high temperature 


iting a plunger in a hermetically sealed container valve is operated as the one in Fig, | Cylinder liners 
and valve seats are hard faced with 


ntainer is part of the valve and must withstand s ure 
ented b 


It also must be as thin a Stellite 6 
‘I he 


or it ma 


ure and temperature 
nce its 


piston rings made of Haynes 25 ilve body is aus 


wall is included in the magnetic gap 


iv operate the valve stem mechanically tenitic stainles 


ot that allows system pressure to operate the valve 
although 


This valve weighs about 70 |b It is designed to handle 
650° F and 3.000 It is used 


necessary to close against a high pressure differential 


ontrol is limited to very small valves water at psig where it | 


|’ globe valves have been made up to a nominal and 


Che pilot design has been successful up to four 
ilthough three inches is a more practical size limit 

vice, 

mditions for both hydraulically and electrical 
3,000 psig at 600° I 
closer to 2,000 psig at 450° FF. Ever 


ilves are usually 

usuall 
temperature introduces design problems requiring 
developments. This is particularly true of sole 

vhich new insulation and potting compound 
required Another aspect of the temperature 
on 18 the 


! 
es as 1OW 


possible thermal shock of hydraulicall 

(35° F) may be 
The thermal! sho« 

so that the smallest 


temperature water 
nto the operating cylinder 
d by making the evlinder 
nt of hot water remaining in the cylinder is sufficient 
so that it does not harm the cylinde 


The valve 


t thermal! shock 
Piston-operated valves. in Fig. 1 is a 10 
t erated 


ration the val 


gate ilve for submarine-reactor use 


ve cylinder can be controlled 


Vol. 14, No. 10 - October, 1956 
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vhere the valve is not accessible for manual operation 
Heretofore all 
operated on d-« At the Na re 


ole noids lor ubmarine 


A-C poppets. 


reactor service have 
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quest, two a-c solenoid valves shown in Figs. 3 and 4 were 


le veloped, (;roupings can be made of either t pe for re 


mote control of large cylinder-operated main-loop valve 


soth are for by-in high pressure stainless-steel piping 


The ve 


heating and are intended for mounting in a vertical posi 


ilves are provided with cooling fins to prevent « 
for maximum air circulation 
4 ( solenoids 
The 


higher closing force across an‘ 


offer a number of advantages over 


in-rush current of the a-c coil produces a 


lesigns 
magnetic circuit 
when the 


trait the 


gap in the 


than available in a comparable d-c design, and 


gap is closed, the reactance of the coil increases t 
holding current to a low ilue. Thus a-c co generals 
heat 

oid back-flow through 


a check il Vve 


Check valves. Toa 
il loop that in 


imp in a 
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needs 
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This cluster of flashbulbs throws 
sudden light on a problem that 
has occupied scientists for many 
years: the effect of weather on 
the transmission of electromag 
netic radiation through the at 
mosphere. Technical Operations’ 
scientists have developed unique 
theoretical and 
techniques to solve thi 


experimental 
and 
many other problems. Associa 
tion with Technical Operations 
can throw an equally idden 
light .. 


Physicist or 
Mathematician 
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Technical Operations is work 
ing on a wide range of problems 
involving physicists and mathe | 
maticians——in reactor develop | 
ment, experimental design, | 
nuclear weapons effects, micro | 
waves, digital computing, | 
operations research. Position | 
are available at Arlington, | 
Mass., and Washington, D. C | 
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With These Advantages 


simple, sensible salary pr 
management by scientist: 


opportunities for fundamental 
research in a variety of field 


an organization small enough for 
individual rec ognition, large enough 
for long range security 

Write for 


application form 


brochure and hort 


Robert L. Koller 
TECHNICAL 
OPERATIONS 


INCORPORATED 
6 Schouler Court 


Arlington 74, Massact 


St 


between pump and reactor. Such a 


} 


alive is shown in Fig. 5. To reduce 
the weight and space, and to provide 


4eCUTeS the 


bolted or 


accessibility, a shear ring 
than a 
The 


of 10-in, pipe size and will handle 4,000 


alve cap rather 


screwed closure valve shown 


gpm at 2,500 psig and 675° | 
Manval valves. Figure 6 
operated valve 


2,500 


manually 
signed 


H50° | It 


to operate ut 


veighs about 15 lb 


Small 5-Watt Reactor Is 
For Teaching, Research 


A 5-watt research reactor offers a ther 
mal-neutron flux ol 1a" li 
Che fuel is enriched uran 


tion, and its critical ma 

1,500 grams of | Six inch 

iround the |-ft-dia core serve a 

tor and primary shield The 
ontaining 


eviindrical tanh 


filled with ordi 


a A high 


water 


the reactor 1 


to make a biological shield The an 


nounced cost is $55,000 


Facilities. Several exposul 


ind an option il therm il Con 
cluded in the design The 


ure tube with an inner cdiar 


1.09 in. runs through the center: 


re and extends from one edg 


tank to the othe Surrounding | 


suxiliary tubes of 0.32 


ter Rabbits can be pre 


transferred through any of 


tubes | xperimenters “also 


yamma-beam tube a neut 


tube. and two tubes pro 


ove radioactive gases | 


T he disk is constructed 


to be self- 
centering, and will tend to “‘ wear in” 
main and 


stel- 


to maintain a tight seal at 


back seats Seating surlaces are 


lite t high-hardness cobalt-base alloy 


e body and cap ire Type 304 stain- 
The valve 


t CODalt-Dase 


less steel stem is made of 
Ha nes 25 
ible allov. o 


thre ided 


precipitation-hardening stainless steel 


age-harden- 
verlaid with stellite at the 
and the 


section insert 18 a 


I} combination wears satisfactorily 


Control. Kleetric motors propel the 


ridmium safetv-control rods 
cables. The rods move in 
through the ore and have 


vel and 10-in. active lengt! 


rod controls 1.8‘ reactivity 
ire withdrawn eparately it a 
corresponding to about 0.02% re 
per second An electromagnet 
drops the rods to shut 
rintheevent ola scram 
Fuel. | ng Dow it the outside 


for charg 


vater tanh 
on of the fuel 

to the outside of 

tank permits emptying the 


thout disturbing 


recombine 
at mm llets 
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Closed-Cycle Gas Turbine Nuclear Power Plant for Ship Propulsion 





The closed-cycle gas turbine power plant, developed by Escher Wyss Ltd., of Zurich, 
Switzerland, permits the efficient conversion of nuclear energy into mechanical work 
One promising field of application is that of ship propulsion, where the unique character 
istics of the power plant and gas-cooled reactor result in a simple, lightweight power 
plant providing economical operation of long-haul cargo vessels and tankers 


For additional information regarding this practical and effective power plant 
and its applications contact the American Turbine Corporation or their licensees for 
bulletin ATC-156. 


Licensors of Escher Wyss in U.S.A 


AMERICAN TURBINE CORPORATION 


52 WILLIAM STREET, NEW YORK 5&6, N. Y 


Westinghouse Electric Corporation, Pittsburgh, Pa 
Licensees of American Turbine be: ae en 


Nordberg Manufacturing Company, Milwaukee, Wis. 
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effective 
solution 
for 

shielding 
windows 






THE PROBLEM OF 


SHIELDING VIEWING WINDOWS is solved 


with an optical grade solution of zinc bromide. Prompt delivery of this 


compound, proved satisfactory and in compliance with all AE¢ 


specifications, is offered by Michigan Chemical Corporation, a quality 


producer of chemicals for more than 20 years. 


information let us send 
article from 
“Design and 


For further 
you a reprint of an 
NUCLEONICS 

Construction of Viewing Windows”. 





MICHIGAN CHEMICAL CORPORATION 
522 Bankson Street, Saint Louis, Michigan 


eter 
"trade 


carcers in peaceful 
applications of atomic energy 


engineers 
scientists 


Pioneer in development, design and manu- 


facture of nuclear reactors for electrical 
power generation, medical research and 
industry. Build your future with the peace- 
ful atom. Top positions and training oppor- 


tunities in this exciting new field NOW. 


ATOMICS 
” INTERNATIONA 


AN AVIAT 


GP 


ne 
Mr. G. W. Newton, Personnel Office, Dept. N, 
21600 Vanowen St., Canoga Park, California 


(in Suburban San Fernando Valiey, Los Angeles) 





experime ntal use else 


devices pre 







the recombination chamber fo! 


] 
vyhere 


Safety. A large negative 


coefficient of reactivity 


tempera- 
provides 
In addition 
vent 


interlock and trip 
initiation or mainte- 
reactivit n the event of a 
An auxiliary 
ntation at zero 


three 


nance ol 


scram signal neutron 
source tries the instrume 
powel! ind failure of any of 
boron-lined neutron monitors to show 
s signal serves as one of the scram sig- 


nial The 
ire: lack ol a-c powel 


viditional danger signals 
too high powe! 
short reactor period, low water 
Atomics 


American 


level 
J |, too high gas pressure. 
International Diy North 


Aviation, P. O. Box 309, Canoga Park 
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Dual Scaler 
P nel 


is single S-cig 


mounting scaler operates ¢ ither 


t unit or as two inde 
Discriminator 


1O0 volts with 


pendent 6 digit unit 


level can be set at o 


10-turn potentiomete! Ransom Re 


earch. PO Box 382, San Pedro, Cal 
+ 

Nonblocking amplifier. Model 345 
near ampliher uses double He! 

entiation and feedback stabilization 

Will measure Cs X-rays in 1.2 

0° epm Co® background, Output 
ilse ri pst Overload recover 

i psec tor 200 x Franklin Iles 

tronics Inc., E. 4th St., Bridgeport 

Pa 

Mercury-switch pulser. N-101 

continuously adjustable rise time 

0.03-0.5 psec Delivers pulses 

either polarit and ha stabilit 

0.1%/day Hamner Electronics Co 


Princeton, N. J 


POBox 531 
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CONTROLLERS AND 
RECORDERS 





Thyratron Controllers 


I nonindicating controllers com- 


known and preset voltages, 

re thyratrons when unknown ex- 
tandard Saturable-core re- 

ised for amplification. One 

i ‘ mple on-off device. Sec 
inticipator Sensitivity is 75 

uvolt Wheeleo Diy Barber-Col 

( Rockford, Il 





Two-Variable Recorder 


Aut recorder has two independ 
tuated drives tree ol 
0.005-100 volts full seale on 
} 0.075-150 on X axis tecord 
ire ec full seale for } 
\ Input is 200 } 

tu to 10-volt range 


1090 N. Fair Oaks 


\ | el ( 
% 

Gamma monitor System contain 
t t onization chamber and 
implifies witl 
(overs range ofl 
0.0 Designed for reactor 
tatior Isotope Develop 
(;range, Aldet 


Reading serks 
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Monitor 


ANTON VB 
..Where Precisi ne Counts 


New 
Air 
Particle 


from 





Anton’s monitor enables continuous, unattended recording of airborne 
alpha, beta or gamma radiation with sensitivity never before available in 
instruments of this type. The monitor, ideal for reactor, fuel processing and 
hot lab installations, can operate at gamma background as high as 10 mr /hr. 
The unit has a sensitivity range of 8 x 10-'%uc /cc to 8 x 10-7ue /cc as calibrated 
with Na**, and incorporates visible and audible, immediate or remote alarms 
adjustable over the operating range. Built-in calibrated source insures 
accuracy and performance of the instrument's detector and related circuitry. 
Special circuit failure indicator check switch connects the panel meter to 
key circuit points for easy trouble shooting. Anton monitoring instruments 
and systems include the latest developments resulting from fundamental 
research work on system production for reactor facilities and naval nuclear- 
powered vessels. 


Anton's monitor is available either as a cart-mounted mobile unit or rack- 
mounted for use as a fixed station, Mobile unit, MODEL 232, is set on a 
welded, reinforced steel cart; MODEL 233 has all equipment mounted in a 
19-inch relay rack. (Request Bulletins 232, 233) 


TECHNICAL DATA 


Precision Better than 1% of full scale meter deflection 
Stability Better than 0.5% of full scale meter deflection 
Filter paper advance . Continuous: at 2 inch/hour 

Manual (when necessary): by external control knob 


Pulse discriminator . . . Rejects small ‘noise’ pulses 

Air pump Positive displacement, oil-less, 
requires no lubrication 

Recorder . 12 inch chart, speed adjustable from 
2 to 8 inches per hour 

Power Nominal 117 v, 60 c.p.s. 

Weight Net 450 Ibs. 
Shipping 500 Ibs. 


TRAILER-MOUNTED SURVEY LABORATORIES 


This monitor is incorporated in the new Anton mobile radiological labora- 
tory trailers which contain complete field equipment for reactor site survey 
teams, fire fighting, police and civilian defense forces. (Request Bulletin TM) 


Anton also manufactures a full line of tubes and instruments for research, 
medical and industrial counting applications. (Request Bulletin 4P) 






\BORA TORTES, INC 


A subsidiary of U. S$. Hoffman Machinery Corporation 
1226 FLUSHING AVE., BROOKLYN 37, N.Y 
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SCINTILLATION PHOSPHORS 


Largest selection of non-crystalline organic scintillators ever offered. 
ty f | é 


A lbs ete he a 


Plastic Phosphor NE 101 


Available in new forms including large optical blocks up to 
100 pounds weight for ultra-sensitive detectors, thin sheets 
for alpha and beta counting and x-ray intensification, and 
in small spheres and powder form. Standard size rods from 









: to 24” diameter available from stock 
b 
New Products Now Available. 


¢ Scintillating Gels 
For efficient internal counting of suspensions of alpha and beta emit- 
ters, Permits new techniques in scintillation counting for tracer and 





other applications 


¢ Boron, Cadmium, Gadolinium and Lead Loaded Liquid Scintillators 
for neutron detection, or for enhanced gamma response, 

¢ Liquid Phosphors—-In bulk form at new low prices, or encapsulated 
in pyrex cells with reflectors 

® Scintillation Chemicals 


We pay air shipping charges on overseas 
orders of plastics to anywhere in the world. 


NUCLEAR ENTERPRISES LTD. 


1750 Pembina Highway ° WINNIPEG 9, Canada 


Cable: Nuclear 


British Branch Nuclear Enterprises (G.B.) Ltd. Bankhead Medway Sighthill 
Edinburgh 11, Scotland 











Z The basis of filter efficiency is 

j REMOVAL 4 the accuracy of the test equip- 

oF | ment. Our testing unit is peri- 

RADIOACTIVE odically compared with govern- 

ment equipment, assuring air fil- 
ters of integrity. 


a 





No filter leaves ovr plant 
without passing rigid specifica- 
tions including 99.95% efi- 
ciency on particle sizes of .3 














Lae + micron as measured by dioc- 
ee tylphthalate smoke machine. 
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MOVING? 


If you are moving (or have moved), tell us about it, won't 
you? Your copies of NUCLEONICS will not follow you un- 
less we have your new address immediately. Make sure 
you don't miss a single important issue . . . and help us 
make the correction as speedily as possible by giving us 
your old address, too 


NUCLEONICS 


Circulation Dept. 
330 W. 42nd St., New York 36, N. Y. 
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LITERATURE AVAILABLE 


Quartz-fibermeters. CatalogG-12A 
and price list depict instruments for 
measuring alphas, betas, gammas, 
thermal neutrons. Includes dosime- 
ters, pocket chambers, isotope-analy- 
is units, calibrated reference sources, 

Wm. B. Johnson and Associates 
126 Liberty St., N. Y., N. Y 


Armour reactor. Recent issue of 
The Nucleus has article on Armour 
research reactor, another on flow 
counters.—Nuclear-Chicago, 229 W 

Erie St., Chicago 10, Ill 


Medical instruments. 14-page cata- 
log is entitled ‘‘Instruments for 
Nuclear Medicine Includes scin- 
tiscanners, isodose plotters Reed- 
Curtis Nuclear Industries, Inc., 9459 
W. Jefferson Blvd., Culver City, Cal 


Consultants. Booklet describes com- 
pany organization, facilities, oper- 
ation. Discusses services in reactor 
design, nuclear instrumentation 
Walter Kidde Nuclear Laboratories, 
975 Stewart Ave., Garden City, L. L., 
_ 


Automatic instrumentation. Folder 
and technical bulletins describing 
components and systems for auto- 
matic instrumentation is designed for 
standard catalog files. Supplemen- 
tary bulletins will be issued to extend 
set.—-Fairchild Electrotechnics, 118 
i. 16th St., Costa Mesa, Cal. 


Radiochemicals. New 4-page_ bro- 
chure lists C'-labeled compounds, 
prices, procedure for AEC license. 
Compounds are high purity for re- 
search.—Cal-Rad, Inc., 1208 W. Bur- 
bank Blvd., Burbank, Cal 


INDUSTRY NOTES 


P United States Radium Corp. has 
moved its general offices from Man- 
hattan to Morristown, N. J 


Standard Electric Time Company 
of Springfield, Mass. has received a 
contract for almost $l-million worth 
of laboratory electrical equipment for 
the Army Ballistic Missile Agency in 
Alabama 


Walter Kidde Nuclear Labora- 
tories has been awarded a contract by 
Curtiss-Wright to design, build, and 


operate a water-loop test facility 
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ee General Nucleonics, has 
ite new 4 75,000 sq. ft. plant 


Ramon, Calif 


> Wester Gold and Platinum Co. 
r to new quarters in Belmont, 
i The new WESGO p plant 


es the present facilities. 


industrial Bio-Test Laboratories, 
Inc., has completed a $150,000 toxi 
n Northbrook, Ill. It has 

facilities for radioisotope 


chemical research 


P Litton Industries, Beverly Hills 
Calif., will acquire Triad Transformer 
Corp. of Los Angeles. Triad pro- 
duces utances, transformers, toroid 


d wave filters 


P High Voltage Engineering Corp., 
(ambridge has ippointed the Ley- 
bold organization as German sales 
repre entatives 


& NRD Instrument Division of Nuclear 
Corporation of America, lias shipped 
1 mediscanner to Japan for use with 
Atoms for Peace’’ materials. The 
inner provides a permanent 
record of radioactive distri 


n tissues 


> Vitro Engineering Corp., N. Y. ¢ 

» the design and engineering of 
ill buildings, warehouses, and roads 
on Lockheed’s nuclear aircraft test 
facilit n Georgia. Richards and 
Associates, Carrollton, will construct 
the ba power supply and distribu- 
ti tem. MacDougald Con- 
struction Co., Atlanta, will construct 


the and bridges 


P Levinthal Electronic Products has 
begul mstruction of a 55,000 sq. ft 
| Stanford, Calif Production 

ide secintillation-crystal de 


( ent for AEC, 


P University of California will open 
Anev mputer lab in Berkeley using 
in [LB M-701 


> The Instrument Division of Isotope 
Products, Inc. has moved to a larger 
t 1711 Elmwood Ave., Buffalo 

rhe company manufacturers 

gages intended for process 


y 


PB Baird Associates-Atomic Instru- 
ment Co. reported net profits of $170.,- 
s on sales of $2,761,163 

is ending June 30 

last vear Baird 


133.098 on sales of 
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Analyze 
URANIUM 


in any form 
in concentrations of 0.001% and less 
Whether your problem is in research, 
production control, or ore assaying, 
you can make faster, more accurate 
analyses of uranium with the JAco G-M 
Fluorimeter. Leadire mines, mills, 
metallurgical plants and laboratories all 
over the world report making 50 to 100 
determinations a day — even when sample 
concentrations are 0.001% or lower 





The JAco G-M Fluorimeter offers you the high 
precision sensitivity and stability you want, because its 
advanced design includes exclusive features: 


Ne Cooling System — Blacklight Bive lamps used as ultraviolet source 
require no cooling 
No Optical System — sample siide, light source and detecting system 
are mounted in close yp eliminating optics and allowing low 
voltage across dynode of the photomultiplier tube 
improved Power Source — circuit componestes for input-output voltage 
pascover all and tends to compensate for heater voltage variation 
the ways this Convenient Contro! — handy keyboard arrangement of switches 
outstanding and controls cuts time, reduces fatigue 
JAco Instrument 
can help you 


to do your JARRELL-ASH COMPANY 


( better 
rite today , 
for descriptive 26 Forwell Street, Newtonville, Mass. 
bulletin. — 
SALES OFFICES ATLANTA, GA LOS ANGELES (Overte) NEW YORK, N.Y 
CHICAGO, ILL MUSKEGON, MICH PALO ALTO, CAL 
PITTSBURGH, PA 








THE 


Proportional 
lotelvisii- jam OClelsha-lai-ia 


MODEL PCC-I14 


@ No window absorption 


@ 2 = geomet 
ideal for derenegges 
@ Full yield a counting 


Soft Beta @ Differentiates between a and 3 
(C14,S35, Ca 45) @ Negligible resolution loss 


and Alpha @ Built-in power supply 


(Po 210, U 235, Pu 239) @ Converts any scaler to proportional counter 
@ Rapid decontamination 


FREE NMC CATALOG $485.00 


Covers NMC's complete line 
of nuclear instruments F.O. 6. INDIANAPOUS 
Write today for your copy 


Manufacturer of the World's Finest Radiation Detection Instruments 


Nuclear Measurements Corp. 


2460 N. Arlington Ave. +« Telephone: LIBERTY 6-2415 
INDIANAPOLIS 18, INDIANA 


international office: 13 E. 40th St., New York 146, N.Y 











LETTERS 





—— interest g to Wasi gton 
tm ead 6 yea 1 Dureaur t in 
t tated that objections to the 10-M tour of dut th the U. 8. Army 
er reactor that American & Foreig esult. I fee t ilar sualified 
Power Co. is endeavouring to install i nelled to atte t to unt 
Brazil have been raised b i national f the allege lvantage nd 
tic minorit singulas insnformed te upon some the advantages 
nuclear fundamental! in the Na king f, ‘ for the Com 
tional Research Council who wanted 
breeder using native thorium 1. The idea that ‘ | ‘ 
Sines i techni il ourna uch A " ent ‘ r ‘ oO te } 
yu hould inelude « ccurate it ‘ e. even if valid othe rove 
that what has been ce ed upon t t | uct ir a eopl vt : 
th the Atomic Eine ( the ( nl ¢ picts 
{| the National Research Cou ( , y to this belief. Commission « 
thout ¢ iusion of othe ( Pyilitue , ej ipparent i distinet et 
to emphasize the devel ent of a even peopl have spent the 
thorium program, oni natu lO i , al thie eers in the 
juntry like Brazil, whiel Is We ‘ ent are able to Ie e the Com 
vn, appreciable reserve thoriut ean byle tions at hand 
nera Such a prog im le ‘ irie nel we le ho come to 
Use the use of the th im-l the ¢ mi nto ‘ ears to get 
ein thermal breeder reactor vhicl e administrative experience 1eVi 
well known to m end ( mprove their position whe the 
sur journal, is the one presenting the eturn to indust hether the etu 
best nuclear characterist im =the ministrators of ¢ erimental-ty pe 
thermal-energy region, ras executive (ertau irt 
J. Co KiBrrre t improvement in position can be 
Chairman, Atomic Energy Comm or ‘ ted to the entl eve! 
Rio de J », Bra 
y short e ot ¢ neers nad the 
ion of the iz t oweve 
Wherever human hand: are threat Manpower Shortage f ret be incement hen n 


ened, you will find a place for the Dear Sip ersonnel is at least as great and 


General Mills Mechanical Arm One of the more seriou ind prob frequent greater than for those 





It performs with uncanny preci i innecessary, effects of the current irable position and ability chang 
sion and strength in radio-active technical manpower shortage is th m one company to anowux 
areas, chemically toxic atmo: hronie shortage of young people wit! thin their — 
pheres and explosive installation Gass GF More pragwenl experience in = Shp eeeng Mes fognniels poogh 
earch and development or design, it t needed p or their tecl 
Fully-coordinated controls make the Reactor Development Di On 0 , ind judgement in Washing 
the Mechanical Arm an extension the Atomic Iunerg Cor on mw intounded me con 
of the operator's own hand — with Washington omer e more challenging techni 
a greater range of movement and People ho have 1 u hat Washington than people to 1 
more power than any human! ever in the executive phase of the thi nd aithough the general leve 
ton energy business need read no petence high, the Commi 
thy llowever peopl ho ure equently unable ¢ yperly fill po 
; tent in practical and experime: equiring sound technical judg 
Send nou | | tcaaamen SS Reh ale seen vould ’ rhe administrative experience 
for illustrated booklet | , te | ar P ty to ¢ 1} 
ofe oO originate projec lECISIO! in} oO rave ind broadet ~ 
‘ to consider a lew yea Washing tion to he than iDst 
ton as a useful stepping stone In a te ) Ldditiona techn Da 
tion. at least until the government ound, tor in many jobs the sriet ) 
RODOOARIGAL BEVEDION | ionee euch leas active in this busi- technicel oroblema more than mak, 
‘ ail » | ness, a tour of duty in the bureaucra the decrease knowledge 
or General Mills  Smneieey Wid dil abate obbeation tails of the projects with which on 
Write Dept. N10, 1620 Central Ave the funetioning of the ator energ erned 


Minneapolis 13, Minnesota lust \ in engine ! t! 3. A ig vove ent p 
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is much lower than 
scale at the Com 

ile in the category to 
rred is not a great deal 
salaries for people ol 
rience in industry, and 


par with the national 


ie Commission 1s un 
iys interested in hiring 
who wish to make a 
ernment service, people 
spending only a few years 
eactor division are most wel- 
Whether or not a prolonged 
government service has a stag- 
effect upon both the individual 
is academik that is 

{ being suggested. 
not mean to imply that the Com 
fect technocracy the 
Far from it, that 
s its own Ttrustrations 
e are times when technical con- 
ire submerged for various 
However, there is a real op- 
r expenen ed people to ex 
technical judgement to 
ne of the false starts, un 
yrojects and studies, frus 
istifications, and excess paper 
vhich the have sometimes 
ted as contractor personnel 
to me that young technical 
th experience in the reactor 
inless they are completely 
ith their present job, would 
y themselves, the country, and 
ti i service if they would 
sider spending a few years 
lor the Commission It is in 
that the Commission should 
tera beg and borrow quali- 
il people for positions that 

vivantages 

J. A. RANSOHOFE 
irmy Reactora Branch 
on of Reactor Development 


ffomic Energy Commission 


Washington, D.C 











Reprints 


of the September special report 
‘How Radiation Affects Materials,’ 
are available at $1.35 each from 


Reprint Dept., NUCLEONICS 
330 W. 42nd St., New York, N. Y 
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NEW TEST EQUIPMENT f= 
FROM THERMO ELECTRIC\ S, 





MiniMire Portable Indicator 


A midget-size portable potentiometer 
indicator —this compact, lightweight unit 
weighs under four Ibs. and measures 
only 4"' x 5" x 6". Yet it has a double 
scale 23% inches long! Standard range 
includes a scale of O° -1800" F. for Iron 
Constantan and one of 0°-2400° F. for 
Chromel-Alumel. Other scales aiso avail- 
able. Another outstanding feature—the 
“Mini Mite” serves a dual purpose! it 
can be used to measure temperature 
directly when connected to a thermo- 
couple, or, to check other potentiometer 
or millivoltmeter type instruments when 
used as G@ comparison instrument. A 
three-position switch permits quick selection of scale or elimination of 


cold-junction compensation. Write for Bulletin 64-K, 


Thermocouple Calibration Console 


This complete equipment package was designed for industries requiring 
frequent calibrations to maintain temperature measuring accuracy. Highly 
flexible in performance, it provides precision calibration of thermocouples 
and other temperature sensing devices, 

checking of portable standards, and the 

accurate indication of any millivolt signal 

for calibration or laboratory test pur- 

poses. Calibration 

range from 32° to 

2000” F. Write for 

engineering data 


EDS-23-K 


Other NEW -£ instruments 

“AutoRef" Cold-Junction Unit @ Portable Self-Balancing Indicator 
Multi-Point Controller @ Standardized Ten-Point Midgit Monitor 
Self-Balancing Indicator with Remote Selector and Digital Readout 





Pyrometers + Temperature Monitoring Systems * Thermocouples + Protection Tubes 
Quick-Coupling Connectors and Panels + Thermocouple and Extension Wires 


Thermo Electric 6.0 


SADDLE BROOK, NEW JERSEY 
In Canada — THERMO ELECTRIC (Canada) Lid., Brampton, Ontario 
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FILM BADGE 


Personnel 





Radiation Dosimeter 


A. M. SAMPLES MACHINE CO. 


208 Tazewell Pike 
Knoxville 18, Tennessee 








WHERE 
TO Buy 








RADIATION DETE 


MP ANY 


PA 


+ WITH AIR MAIL REPORTING 





TION 








PROFESSIONAL 
SERVICES 








HEALTH PHYSICS SERVICES, INC 
THI) Low Street Baltimore 2 
Announces 
Beta, Gamma, and Neutron | 
Service—a_ reliable discrit ate per 
nent method of monitoring 
exposures 
Other radiation 
consultations 
TO MEET YOUR NEEDS 
WRITE FOR OUR BROCHURE 


monitoring serv 


Maryland 


Badee 
ma 
ur radiation 


and 











New ‘Searchlight’ Advertisements 


received by October 15th w wppear 
November : 
space available 
Classified Advert 
NUCLEONICS 
P.O. Box 12, New York 16, N.Y 
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NEWSMAKERS 


David D. Baker has been named dire 
ALC’s 


operations 


tor of the mining division of the 


Grand Junction, Colorado 


ofhies 


John Philip Baxter has been appointed 
head of the Australian AKC, of which 
a member Formerly he 
vice-chancellor of the New 


South Wales University of Technology 


Donald R. Smith has resigned a 
scientist with the ORINS special train 


ing division for a position in the fine- 


eCnior 


chemicals division of Carbide and Car 


New York 


bon Chemicals Company 


Pio Franco Martinuzzi, authority on 
yas turbines, is now technical consult 
int to the vice-president for engineering 


it Ford Instrument Compan 


Samuel Storchheim has been promoted 
to chief of manufacturing 


Martin 


engineering 


ind research in nuclear 


dj sion 


new members of the Cen- 
Atomics 
Dynamics are 


Marshall N. Rosenbluth, who will work 


of controlled thermonuclear 


hight 


eral Division General 


theoretic: I physicist 
on theory 


reactions for peacetime applications; 


metallurgist Massoud Simnad, con 
lormel!l 


Ward 


working on use 


cerned with new reactor design 
ORNL 


Conrad Sangren, 


senior mathematician 


of computer to solve reactor prob 


A. Stanley Thompson, former 


lem 
chief engineer in Studebaker-Packard’s 
nuclear department, now assigned to 
development of more efficient reactor 
New staff members of GA’s 
laboratory are: Martin Stern 
Norman Rostoker from 
the Armour Andrew W. 
McReynolds and Harvey P. Sleeper, 


Jr., from Brookhaven 


systems 
from 
Carnegie Tech 


Foundation 


Dalzell, 


development ranch in 


R. Carson wcting head 
engineering 
Ab 


has been confirmed as te ul He sur 
eeds John C. Robinson in the post 


Reactor Developme nt division 


Penn Stat ha ippointed Ferdinand G. 
Brickwedde, chief of ! 


heat 


the Bure 1 0 
Standard ind pows 


the post of dean of the « 


t ind pl 


Charles D. W. Thornton, | 
the ALC, ha 


esearch of Farnswortl 


been apport 


John Lamarsh has left Broo 


EMPLOYMENT OPPORTUNITIES 








HONEYWELL 


‘FIRST IN CONTROLS’ 


OFFERS Broad Opportunities in the 
NUCLEAR FIELD for ENGINEERS 


with experience in 


RESEARCH 
DESIGN and DEVELOPMENT 


APPLICATION and 
SYSTEMS ENGINEERING 


Oo ngs for ELECTRICAL ENGINEERS 
MECHANICAL ENGINEERS, PHYSICS 
MAJORS in all phases of Industrial Ia- 
strumentation, including Automatic Data 
Proceming and Nuclear Reactor Controls 
Opportunities permit designing and work 
ing with equi mt from the initial order- 
img through development to actual opera- 
tional checkout. These positions offer ex- 
cellent potential for men with ambition and 
inventiveness 

Openings are with a separately functioning 
division which is cnention rapidly to meet 
present trend in Automatic Data Process- 
img and Reactor Control areas. Positions 
provide prestige and benefits offered by 
one of ¢ leaders in INDUSTRIAL AU- 
TOMATION 

Send a complete resume of your education, 
experience and special training as well as 
& statement of your interest and salary re 
quirements to 


D. R. GARVEY 
Manager of Empleyment 
HONEYWELL 
BROWN INSTRUMENTS DIV. 


Wayne & Windrim Aves. 
Philadelphia 44, Pa. 








EDITOR 
WANTED 





for responsible 

full-time 

position on 

editorial staff 
of 


NUCLEONICS 
® NUCLEAR ENGINEER 


with educatior 





r experience ir 
related 
work. Challenging opportunity 
h with entire 

Work with 


aH of technical specialists. 


te hnol zy Of 


reactor 
’ Aa r | yf 
Keep i 1OS€ 


nuciear power fneic 


Send resume, salary 
requirements fo 





The Editor 
NUCLEONICS 

330 W. 42nd St. 
New York 36, N.Y. 
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professorship in 


department 


John J. McMullen, chief of the office 
truction and repair in the 

tration, has resigned 

i leading role in fostering 

fa U.S. nuclear-powered 


‘ xpected te 


son S. Norris has been named 
ul te engineering for 

tom energ divisio 

942. he was man 


ontrol department 


NUCLEAR CALENDAR 


Oct. 8—Effects of Radiation in Metals, 
ear metallurgy symposium, at 
AIME Institute of Metals annual 
i, Cleveland (Carter Con 


t R. W. Shearman, AIME, 29 W 


mposium on radioactivity 

) petroleum research and 

ol ations, Tracerlab Ine., 

Statler Contact W \ 

I'racerlab, 130 High St 
Ma 


resources conterence 

ft Commerce, Den 

field of energ 
elopment will study 

production of new 


Contact Denver (¢ 


nth annual conference on 
hniques in medicine and 
AIEEE, IRE, ISA) New York 
Clinton Hotel Will include 
» installations of interest 
Dale Trout, General Ele« 
X-Ray Dept., Milwaukee | 


Symposium on Calder Hall 
plant (British Nuclear 
Conference), London. Contact 
Donald, Sec’y Inst. of Civil 
1-7 Great George S8St., 
3.W.1 


25-30--Annual meeting ASME, 
I Statler Three technical 

| be devoted to nuclear engi 

ontact B R 

9 NYC 18 


Prentice 


nty-second National 
ASME), New York 
Will include enlarged nu 
splay section Contact 
I NYC 18 


eting Americat 

Washington (Shera 

les formal meetings 

Naval Researc} 

ret other facilities 

D. P. King, LASL, Box 
N. M 
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NUCLEAR 
PHYSICISTS 


A few key positions for M.S. 


graduates in nuclear physics 


and reactor engineering for core 
design of atomic power reactors 


for naval propulsion. 


@ LONG ESTABLISHED COMPANY 


@ OPPORTUNITY FOR 
INDIVIDUAL GROWTH 


@ LIBERAL BENEFITS. 


A NEW DIVISION 

OF A PIONEER IN THE 

MANUFACTURE OF 

STEAM GENERATING 
EQUIPMENT 


Submit Resume to 
Frederic A. Wyatt 


COMBUSTION 
ENGINEERING 


REACTOR DEVELOPMENT DIVISION, WINDSOR, CONN. 
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EMPLOYMENT OPPORTUNITIES 


The Second in a Seri f Agr 
p ments on Progres ‘ y 

Program and Facilities t 

at the Knolls Atomic Power t 


GENERAL ELECTRIC’S 


KNOLLS ATOMIC POWER LABORATORY 


(FZ ME IT IS NOW DOUBLING THE 


STAFF OF MATHEMATICIANS FOR ITS 
MODERN MATHEMATICAL CENTER 


idvancing nuclear prog enjoy an atmosphere in which the creative 
Atomic Power Laboratory i} mind | find its full fruition 
ind imaginative departure , 
Mathematical Analysi 
ranging from the most 1] , 
Will participate in the formula 
mulations of fundamental 
h 
lo meet the con equent ex] 


Mathematical Analysis Prog 


Laboratory plans to increasé 


cori to de crib new phy ical 
he digital solution of p 
now being encountered, in eval 


c theorie and adapting them 


il solution by digital computer 
luating reactor designs. Desien 
number of qualified mathe 
i , will focus on the calculated 
it work here enough n : 
of mathematical model and will 
ive been created in tact to , 
most modern technique in 
double the present mathema 
programming. The nature and 
Mathematicians at ' 
of these operations ¢ ill for cre 
vited to join thi CX 
J ipproaches and fundamental 


hese techniqu The ( mathe 
ill also have the opportunity to 
ly announced, a modern bi Pp] 


ic research in physics, chem 
under construction, princip 


; llurgy and maz other 
of mathematicians and pl I 


iis Center will be equipped with the eenee: 

facilitue including digital com 1¢ program at the Knolls offers the atmo 

yuters that rank among the most powerlul ph he equipment, the richness of sub 
vailable. Here mathematicians, working matter and the material benefits con- 
both independently and in association with ve | itisfying career in application 


theoretical and experimental physicist 


A LETTER TO OR.S.R. ACKER. EXPRESSING YOUR INTERES 
WILL RECEIVE IMMEDIATE ATTENTION 


GENERAL @@ ELECTRIC 


SCHENECTADY 
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Ingredients of Leadership 


ZERO POWER REACTORS 


zPR i 
Mark | Nautilus 
1980 


ce? 
Graphite-Research 
1943 


ZPR i 


Fast Assemb 


ce 5 
D,O Researct 


1954 


zpr vil 
Therma! Assembly 


ng Power 
1967° 


1986° 


cp i 
ut-teaching 


1966 


Argon 


Bo 
power 


198 


. a unique combination of basic, fundamental 


and applied research administration by 


scientists for scientists atmosphere and 


facilities conducive to creativity... a dedication 
to knowledge of interest and significance to the 


individual... 


.. the best of academic and industrial research 


practices :... effective inter-disciplinary approach 
to major problems penchant for solving 


unsolvable research and engineering problems... 


. opportunity for unlimited professional growth 


and expression... minimum direction... equiva- 


lent salary recognition for the individual who 


does not assume administrative re sponsibilities 


Now expanding our staff for the first time in a 
number of years. Scientists and engineers who 
hunge rforintellectualand¢ reative satistactionare 
offered an extraordinary opportunity to become 


associated with the challenge that is offered at... 


_. Angonne 


| fn ae, LABORATORY 


\ 


Professional Personnel Office 
P.O. Box 299 + Lemont, Illinois 








EMPLOYMENT OPPORTUNITIES 


oS GOODYEAR ATOMIC CORPORATION 
TECHNICAL POSITIONS NOW OPEN IN 


RESEARCH PLANT ENGINEERING— 
PRODUCTION—DEVELOPMENT 


GRouP FOR 
ENGINEERS 
CHEMISTS 
TECHNICAL WRITERS 
Senior Level Openings METALLURGISTS 
in STATISTICIANS 
Reactor Shielding PHYSICISTS 
Microwaves Positions Open on Several Levels of Responsibility 


Solid State Physics Forward Comprehensive Resume ‘To 
EMPLOYMENT DEPARTMENT Z 
Rad t 
jar Systems GOODYEAR ATOMIC CORPORATION 
BOX 628, PORTSMOUTH, OHIO 


Several positions are open in 





Technical Research Group's per 


manent staff. Qualified scientists SOUTHWEST RESEARCH INSTITUTE ELECTRONIC DESIGNER 


can choose from among present Sen Anteste. Sense Bovelepmest ond desten of tadesttal aoc 


programs on radar systems and ment end contre! equipment for the continual 

Provides unusual research opportunities for process industries Unusual opportunities in a 
components, nuclear resononce, RADIATION PHYSICISTS Radiation effects rapidly expanding firm and industry for personal 
rograms currently being conducted require growth through technica! “‘know how'’’ and herd 
work. BSEE or MSEE required. | te 10 years 


reactors, and airborne reactor pone one eH - . * be - experience. Serve and feedback experience 
ieldi Design and Dosimetry of Muitikiloc: helpful Send resume to: 1205 Chesapeake Ave., 
shi ing These and other pro Sources in Special Configurations Columbus 12, Ohic 


search in Radiation Damage in 
groms of study and development cants, Plastics, Electronics Devices 


continue to provide opportunities pesearch in Radios Seerit z re x. Sin ~lustrial 
for diversified work one of Radiation x mical Proces Li - = 


ear and electron paramagnetic r emi 


Organized in 1953, TRG now has n, ultraviolet, infrared, and ony wectre 


" and metallographic and electron micro 


a full time technical staff of fifty, opy techniques in support { CHEMICAI 
PHYSICS and SOLID STATE PHYSICS nm 
Te " 


one-third of whom are at the earch on radiation damage and ef 


electro-magnetic theory, nuclear 














REPLIES (Box No Address to office neare 
PhD level. Offices, laboratories Laboratories are located outside w ty limits this publication, Classified Adv. Di 
f San Antonio, so that either urba ' sub- YORK: P. O. Box 12 (46 


VEU 
and model shop ore centrally rban living is available within : ies 0 ah 
SwRI. No traffic or parking problem Excellent HICAGO: 520 N. Michigan Ave. Ul 


located in New York City hool system, Many recreational facilities ‘ FRANCISCO: 68 Post St. (4) 
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esearch management position 
governmental laboratory experict 
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SOUTHWEST RESEARCH INSTITUTE Eng. P M.Sc. 1 year nuclear phys ‘ 


8500 Culebra Road, San Antonio, Texas ' ¢ Bign-voltas nines, 4 
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EMPLOYMENT OPPORTUNITIES 


ENGINEERS AND SCIENTISTS 


The Aircraft Nuclear Propulsion Department of General Electric invites 
you to join our professional staff currently engaged in advancing the state 
of the art, both in Cincinnati and Idaho Falls. Nuclear experience, 

though desirable, is not necessary. 


Conventional training and experience can help solve the many 

unconventional problems met in atom-powered flight. Equipment has expressly 
been built to test out the original contributions of our staff, and some 

of the foremost men in atomic development are available 

for constructive group-thinking. 


General Electric will promote your personal progress in all the ways for which 
it is famous throughout industry. Excellent starting salary. 


Join A Pioneer 
ln The Coming Field ol 
Atomic-Powered Hight 


THE AIRCRAFT 
NUCLEAR PROPULSION DEPT. 
of GENERAL ELECTRIC 


Positions Open in Cincinnati, Ohio or tdaho Falis, idaho 
(at all levels of experience) 


STRUCTURAL + REACTOR + REACTOR DESIGN - 

NUCLEAR + NUCLEAR POWER PLANT « ELECTRICAL « MECHANICAL «+ 
ELECTRONIC + CHEMICAL + CERAMIC «+ FACILITIES + 
AERODYNAMICS + PHYSICS «+ THERMODYNAMICS + PHYSICAL 
CHEMISTRY *« METALLURGY + MATHEMATICS 


Address reply in confidence stating salary requirements 
to the location you prefer 


Mr. J. R. Rosselot ¢ P.O. Box 132 ¢ Cincinnati, Ohio 
Mr. L. A. Munther « P.O. Box 535 « idaho Falis, idaho 
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EMPLOYMENT OPPORTUNITIES 


ENGINEERS - SCIENTISTS 


IT’S YOUR FIELD...MAKE THE MOST OF IT 


with GENERAL ELECTRIC in San Jose, California 


.. WORKING ON THE DESIGN AND DEVELOPMENT OF 
COMMERCIAL ATOMIC POWER EQUIPMENT 


As an engineer in the nuclear field, you already know the tremendous challenge and unlimited 
commercial potential of this industry. 


You also know General Electric 

but what you may not know, is how far advanced General Electric is, in the adaptation of 
nuclear power to commercial equipment ...and that individual growth is entirely in keeping with 
the spectacular growth of this G.E. department itself... 
And you'll live in the heart of Santa Clara valley ~— at San Jose, an almost perfect place to live 
This is a prosperous community, steeped in history, with delightful residential areas, friendly 
civic-minded people, excellent schools, and the beautiful Sierra Nevada Mountains are close 


at hand 
OPENINGS AT ALL LEVELS IN: 


Special and Power Reactor Design « Engineering and Nuclear Physics 
Power Plant Design « Manufacturing « Metallurgy + Coolant Chemistry + Applied Mechanics 
Remote Handling Facilities + Product Development 


The opportunity is here to make the most of —to enjoy your work and your life to the utmost 
And writing full particulars about yourself to General Electric is the first step 


Send resume in confidence to: 
ATOMIC POWER EQUIPMENT OEPARTMENT 


GENERAL Go ELECTRIC 


2151 South First St., San Jose, California 











ADMINISTRATIVE ASSISTANT 
NUCLEAR PERSONNEL TO TECHNICAL DIRECTOR Account—Wanted 


Multiple plant ympany starting a fuel Established Eastern Sales Organization posi 

Confidential placement ser e for : 4 xdd quality li of reputable manufacturer 

, j ion New building new laboratory You : mpetent tect " pr nt , 
administrative personne! N Se ; . P ‘ = , ate juir » ompeten ‘ : sales presentati 
ul ies t construction, purchas< equipment Our principals all backordered 
ind staffing of the laboratory, under the lirect 

oes a of the teshales! 4 . tn Jucleor Electron Scientifi Industrial Con 
j isi ¢ technical director 952 Nucl 


address to 


286 E. Jackson Bivd 


Director, NUCLEAR PERSONNEL 
MONARCH PERSONNEL nn 


30 WN. LaSalle $., Chicage 72, Illinois Chicago 4 




















Unusual Opportunity for Nuclear Engineer 


NEEDED: 

Top-notch young nuclear engineer to work on the engineering phases of a research and devel 
opment program on radiation-promoted hydrocarbon conversion reactions, and to maintain 
contact with nuclear power developments. Pile design experience desirable. Chemical en 


gineering background preferred, but not essential. 


If you are interested in an opportunity for growth and promotion with a leader in an un 


usual sector of the atomic energy field. contact: 


ESSO RESEARCH AND ENGINEERING COMPANY 
Esso Research Cente Employes Relatior ( 
P.O. Box 51 Linden, N.J. 


Give di tail of ¢ duc ation, ¢ v pe ricnce, Te fe Fences, de sire d ala? y. ai ailabilit date 


Prompt attention and privacy assured 
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Britain's first commercial reactor 
uses 


nucleonic 
instrumentation 


The 


DEVELOPMENTS LTD. 





isOoOTOPE Loboretories & Works 
BEENHAM GRANGE, ALDERMASTON WHARF, Nr. READING 
DEVELOPMENT BERKS, ENGLAND 


LIMITED London Office 120 Moorgate, London, E.C.2, England 





Lelab metal-walled G-M tubes for anti-coincidence 
a inennnraliligseey eeery counts! 


i nsulator, Lelab Counter Tubes are constructed 
et ylinder is used both as the envelope and the 
n of all component parts within the diameter of the tube 
Each counter is custom-built, filled, and tested in ord: 
nd uniformity 


LELAB PROBE COUNTER TUBE FOR NEUROSURGERY 


(Robinson-Selverstone Type) 


Made espe ly { neurological surgery and other purposes requ 

ture robe t Lhe small needle-like probe provides an ideal way of me 
ing radioact and for probing small areas with a relat 
field intensit 


Write for complete information 


H. W. LEIGHTON LABORATORIES, York & Sunse’ Lane, Hatboro, Pa. 
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RELIABILITY —al) tubes, diodes, pulse 
transformers and other components 
operate at less than one-half of 
maximum rating. This conservative 
rating plus simple, efficient design 
throughout insures long term, 
trouble-free operation. Some early 
purchasers of the 3300 have ordered 
their second and third units. 


SPEED hundred point curve statis- 
tices accumulated in seconds—accu- 
mulates data faster than one million 
counts per minute tolerates input 
ulse rate without data distortion as 
igh as 5 x 10° counts per minute. 
Formerly tedious, expensive low 
counting rate experiments can be set 
up in man-minutes—done overnight. 


PRINTED OUTPUT... Mode! 3300 is 
regularly delivered with a pen re- 
cording system. A decima! printer 
may also be provided for rapid tabu- 
lation of data which frees researchers 
from mountainous quantities of tab- 
ulating work before data analysis 


begins. 


RADIATION 


5737 South Halsted « 


AIDL 


Magnetic Core Memory 
Spectrometer 
Model 3300 





INSTRUMENT DEVELOPMENT 
Chicago 21, 


LABORATORY 


titinois 


Telephone WEntworth 6-2346 + Cable Address RADILAB 
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COMPLETE SPECTROMETER INCLUDES: 
ENERGY LEVEL SELECTIVITY @ EXTERNAL BENCH TYPE DETECTOR 


: . ee " Well intillati 1 1 with ium todi 
Through its adjustable window the Spec- pats ae ph yh om aa pron Me ‘ae Parry 
trometer counts only those pulses within pre- The Well crystal provides high counting efficiency for comparatively 
selected segments of the energy spectrum. low-level gamma radiation. Solid crystals are available for improved 
Exploration of the spectrum in successive seg- efficiency at high energies or for solid samples in cups or planchets 
ments identifies the originating isotope by a 
characteristic energy distribution pattern. Data AND IN A SPECIAL 
is substantially free of background count. FAN-VENTILATED CABINET: 
Thus, in lodine-131 analysis under normal 
conditions, background count is reduced to as @ STABLE HIGH VOLTAGE SUPPLY — MODEL 312 
little as 30/min. when the fully open ‘‘win- 


or 
dow” is set to count at the lodine peak. Voltage drifts less than 0.02°/, per day, giving highest repeatability of 


experimental results. 


Baird-Atomic Radioactivity Instrumentation Catalog contains 


complete specifications of Baird-Atomic Spectrometry Sys- 2 SHIELDED LINEAR AMPLIFIER MODEL 218 


tems and other instruments and accessories for radio- 


activity research. Highest stability and linearity, with improved overloading characteristics. 


@ SINGLE CHANNEL DIFFERENTIAL PULSE HEIGHT 
Write for your copy. ANALYZER — MODEL 510 


Has precision controls for independently adjusting window width and 
position. 


@ PRE-SET TIME SCALER —-MODEL 131R 


Resolution, better than 5 microseconds; 0.25 volt sensitivity. Uses low heat, 
long lived cold cathode Dekatron tubes. Simplified controls 


‘Baird -Associates —-Atomic Instrument Co. 


(BAIRD @Z'p atomic) 


33 UNIVERSITY ROAD, CAMBRIDGE 38, MASS. 








Scientist at Battelle Memorial Institute observes reactor core prior to startup. Control console 
at left includes Honeywell ElectroniK strip chart instruments to record nuclear radiations 
and power level; and Honeywell safety amplifier for simplified emergency shutdown of reactor. 


A new nuclear reactor, key part of the 


complete, privately-operated 


nation’s first 
atomic research center, features a Honeywell 
control system. This new swimming pool 
type reactor at the Battelle Memorial Insti 
tute’s Atomic Energy Research Center, Co 
lumbus, Ohio, was built by American Ma 
chine and Foundry Company. Honeywell 
engineered the electronic control portion of 
the console to AMF specifications, and de 
livered the console to the site completely 


assembled, ready for immediate installation 


The system features the new Honeywell 
developed safety amplifier which provides 
simplified emergency shutdown of the reactor 
Extra fuses and fast-acting relays overcome 


locked 
contacts and short circuits. Included in the 


the dangers of magnets, snagged 


system are a low-level period amplifier, which 


differentiates the log count rate meter output 
to give a period signal for safety during start 
up, and a log N and period amplifier with two 
functions combined in a single unit for extra 
convenience and economy. 


Honeywell's specialized staff of nuclear con- 
trol engineers have been active in the atomic 
research program since its inception. Whether 
you're working with nuclear reactors for 
research, power or production, you'll find it 
advantageous to call on Honeywell for full 
control engineering service including 


assistance with installation, testing and 


follow-up. Call your nearby Honeywell 


field engineer. He’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne and Windrim 
Avenues, Philadelphia 44, Pa.—in Canada, 
Toronto 17, Ontario. 


Honéywell 


BROWN INSTRUMENTS 


Fiat oe Control 





